Learning Objectives 


At the end of this chapter the students will be able to! 


Г 
2. 
nr 


s Р d 
Understand what is Physics. 
Understand that all physical quantities consist of a numerical magnitude and a unit, 
Recall the following base quantities and their units; mass (kg), length (m), time (s), 
current (A), temperature (К), luminous intensity (cd) and amount of substance (mol). 
Describe and use base-units, supplementary units, and derived units. 
Understand and use the sclentific notation, — 
Use the standard prefixes and their symbols to indicate decimal sub-mulliples or 
multiples to both base and derived units. pt ү | 
Understand and use the conventions for indicating units. — 
Understand the distinction between systematic errors and random errors. 
Understand and use the significant figures. 


10. Understand the distinction between precision and accuracy,- ; 
11. Assess the uncertainty in a derived quantity by simple addition of actual, fractional 


or percentage uncertainties 


12. Quote answers with correct scientific notation, number of significant figures and 


units in all numerical and practical work. 


13. Use dimensionality to check the homogenelty of physical equations. | 


14. 


Derive formulae in simple cases using dimensions. „ав 


B... тап has started to observe, think and reason he has been wondering about 

the world around him. He tried tofind ways to organize the disorder prevailing in the observed. 

facts about the natural nhanomena and material things In an orderly manner. His attempts 

resulted in the birth of a single discipline of sciences, called natural philosophy. There was a 
„> 3 LI 
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huge increase in the volume of scientific knowiedge up till the 
beginning of nineteenth century and it was found necessary 
to classify the study of nature into two branches, the 
biological sciences which deal with living things and physical 
sciences which concern with non-living things. Physics is an 
impartant and basic part of physical sciences besides its 
other disciplines such as chemistry, astronomy, geology etc. 
Physics is an experimental science and the scientific method 
emphasizes the need of accurate measurement of vanous - 
measurable features of different phenomena or of man made 
objects, This chapter emphasizes the need of thorough 
understanding and practice of measuring techniques and 
recording skills. 

At the present lime, there are three main frontiers of 
fundamental science. First, the world of the extremely large, 
the universe itself, Radio telescopes now gather information 
from the far side of the universe and have recently detected, 
as radio waves, the “firelight” of the big bang which probably 
started off the expanding universe nearly 20 billion years. 
ago. Second, the world of the extremely srnall, that of the 
particles such as, electrons, protons, neutrons, mesons and 

; The third frontier is the world of complex matter. It is 

also tha World of “middie-sized" things, from molecules at 
one extreme to’ the Earth at the other. This is all 
fundamental physics, which ls the heart af science. 
But what is physics? According to one definition, physics 
deals with the study of matter and energy and the 
relationship between them. The study of physics involves 
investigating such things as the laws of motion, the structure 
of space and time, the nature and type of forces that hold 
different materials together, the interaction between different 
particles, the Interaction of electromagnetic radiation with 
matter and so on. 


By the end of 19" century many physicists started believing 
that every thing about physics has been discovered. 
However, about the beginning of the twentieth century many 
new experimental facts revealed that the laws formulated by 
the previous investigators need modifications. Further - 
researches gave birth to many new disciplines in physics 
such as nuclear physics- which deals with atomic nuclei, 
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. The measurement of a base quantity irioivés twp 6р: first, 
the choice of a standard, and second, the establishment of à 
procedure for comparing the quantity to be measured with 
ihe standard so that a number and a unit are determined as 
the measure of that quantity, 


An ideal standard has two principal characteristics: it is 
‘accessible and it is invariable. These two requirements are 
ee as миң дан و‎ i 
between them. 


In 1960, an Intemational committee agreed on a set of 
| definitions and standard to describe the physical 
quantities. The system that was established Is called the 
System International (51). 


Due to the simplicity and convenience with which the units 
in this system are amenable to arithmetical manipulation, it 
is in universal use by the world's scientific community and 
by most nations. The system international (51) Is built up 

from three kinds of units: base units, supplementary. une 
and ad ше units. 


There are seven basa units for various physica quantities 
namely: length, mass, time, temperature, electric current, 
luminous intensity and amount of a substance (with special 
reference to the number of particles). 


ت سال کے ےا 


The names of base units for these physical quentities 
together with symbols are listed in Table 1.1. Their 
standard definitions are given in the Appendix 1, 
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The General Conference on Weights and Measures has not 
yet classified certain units of the SI under either base units 
or derived units. These Si units are called supplementary 
units. For the time being this class contains only two units of 
purely geometrical quantities, which are plane angle and the 
solid angle (Table 1.2). 


particle physics which is concemed with the ultimate particles 
of which the matter is composed, relativistic mechanics which 
deals with velocities approaching that of light and solid state 
physics which is concemed with the structure and properties 
of solids, but this list is by no means exhaustive. 


Physics is most fundamental of all sciences and provides 
other branches of science, basic principles and fundamental 
laws. This overlapping of physics and other fields gave birth 
to new branches such as physical chemistry, biophysics, 
astrophysics, health physics etc. Physics also plays an 
important role in the development of technology and 
engineering. 


Science and technology are a potent farce for change in 
the outlook of mankind. The information media and fast 
means of communications have brought all parts of the 
world in close contact with one another. Events in one part 
of the world immediately reverberate round the globe. 


We are living in the age of information technology. The 
computer networks are products of chips developed from 
the basic ideas of physics. The chips are made of silicon. 
Silicon can be obtained from sand. It is upto us whether we 
make a sandcastle or a computer out of it. 


The foundation of physics rests upon physical quantities in 
terms of which the laws of physics are expressed. 
Therefore, these quantities have tà be measured accurately, 
Among these are mass, length, time, velocity, force, density, 
temperature, electric current, and numerous others. 


Physical quantities are often divided into two categories: 
base quantities and derived quantities, Derived quantities 
are those whose definitions are based on other physical 
quantities. Velocity, acceleration and force etc. are usually 
viewed as derived quantities. Base quantities are not 
defined in terms of other physical quantities. The base 
quantities are the minimum number of those physical 
quantities in terms of which other physical quantities can 
be defined. Typical examples of base quantities are length, 
mass and time. 


Radian ` 

The radian is the plane angle between мо radi of a circle 
which cut off on the circumference an arc, equal in length 
to the radius, as shown in Fig. 1.1 (a). 


Steradian 
The steradian is the solid angle (three-dimensional angle) 


subtended at the centre of a sphere by an area of its surface 


equal to the square of radius of the sphere. (Fig. 1.1 b). 


51 un r measuring all other physical quantities are 
derived from the base and supplementary units. Some of 
the derived units are given in Table, ү Л, 


З ssed in standard form called scientific 
Gokation, which employs powers of ten. The internationally 
accepted practice is that there should be only one non- 
zero digit left of decimal. Thus, the number 134.7 shauld 
a Lodo as 1.347 x 10° and 0.0023 should be expressed 

as 2.3x 10. 


Use of 51 SANI. care, more particularly iR 


writing prefixes. 
Following points should be kept in mind while using units. 


(1) Full name of the unit does not begin with a capital 
letter even if named after a scientist e.g.,newton. 
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Fig. 1:5) 


(i) The symbol! of unit named after a scientist has. 
initial capital letter suchas N for newton, : 


(i) The prefix should be written before the unit without 
any space, such as 1 x 10° m is written as 1 mm. 
Standard prefixes are given in table 1.4. 


A combination of base units is written each with 
one space apart. For example, newton metre is 
written as N m. 


Compound prefixes are not allowed. For example, 
Тире may be written as 1pF. . { 


A number such as 5.0 x 10° cm may be express 
in scientific notation as 5.0 x 10° m. 

When a multiple of a base unit is raised to a power, 
the power applies to the whole multiple and not the 
base unit alone. Thus, 1 km? = 1 (кт)? = 1 x 10" т, 


Meastirement in practical work should be recorded 
immediately in the most convenient unit, &.g., 
micrometer screw gauge measurement in mm, and 
the mass of calorimeter in grams (g). But before 
calculation for the result, all measurements must be 
converted to the appropriate 51 base units, 
All physical measurements are uncertain or imprecise lo 
some extent. It is very difficult to eliminate all possible errors 
or uncertainties in a measurement. The error may occur due 
to (1) negligence or inexperience of a person (2) the faulty 
apparatus (3) inappropriate method or technique. The 
uncertainty may occur due to inadequacy or limitation of an 
instrument, natural variations of the object being measured 
or natural imperfections of a person's senses. However, the 
uncertainty is also usually described as an error in a 
measurement. There are two major types of errors. 
(0) Random error (ii) Systematic error 


Random error is said to occur when repeated 
measurements of the quantity, give different values under 


'* division. In case the end of the line seems to be touching 


the same conditions. It is due to same unknown causes. 
Repeating the measurement several times and taking an 
average can reduce the effect of random errors. . 


Systematic error refers to an effect that influences all 
measurements of a particular quantity equally, It produces 
a consistent difference in readings. IL occurs to some 
definite rule. It may occur dua 1o zero error of instruments, 
poor calibration of instruments or incorrect markings elc. 
Systematic érror can be reduced by Seg the 
instruments with another which Is known to be more 
accurate. Thus for systematic error, a correction factor can 
be applied. 


As stated earlier physics is based on measurements. But 
unfortunately whenever a physica! quantity is measured, 
there is inevitably some uncertainty about its: determined 
value. This uncertainty may be due to a number of 
reasons. One reason is the type of instrument, being used, 
We know that every measuring instrument is calibrated to 
a certain smallest division and this fact put a limit to the 
degree of accuracy which may be achieved while 
measuring with it, Suppose that we want to measure the 
of a straight line with the help of a metre rod 
calibrated in millimetres. Let the end point of the line lies 
between 10.3 and 10.4 cm marks: By convention, if the end 
of the line does not touch or cross the midpaint of the 
smallest division, the reading is confined to the previous 


let оа the midpoint, the reading is extended to 


By applying the above rule the position of the edge of a line 
recorded as 12.7 cm with the help of a matre rod calibrated 
in millimetres may lie between 12.65 cm and 12.75 cm. 
Thus in this example the maximum uncertainty is + 0.05 cm. 
it is, in fact, equivalent to an uncertainty of 0.1 cm equal to 
the least count of the instrument divided into two parts, half 
above and half below the recorded reading. " 


The uncertainty or accuracy in the value of a measured 
quantity can be indicated conveniently by using significant 
figures, The recorded value of the length of the straight line 


ie. 12.7 cm contains three digits (1. 2, 7) out of which two 
digits (1 and 2) are accürately known while the third digit 
Le. 7 ls a doubtful one. As a rule: 


In other words, a significant figure ls the one which is 
known to be reasonably. reliable. If the above mentioned 
measurement is taken by a better measuring instrument 
which is exact upto a hundredth of a centimetre, it would 
have been recorded as 12.70 cm. In this case, the number 
of significant figures is four. Thus, we can say that as we 
improve the quality of our measuring instrument and 
techniques, we extend the measured result to more and 
more significant figures and correspondingly Improve the 
experimental accuracy of the result. While calculating a 
result from the measurements, it is important to give dué 
attention to significant figuras and we must know the 
following rules in deciding how many significant figures. 
are to be retained in the final result, 


() All digits 1,2,3,4,5,6,7,8,9 are significant. However, 
zeros may or may not be significant. In case of 
zeros, the following rules may be adopted. 


a) A zero between two significant figures is itself 
significant. 

bj Zeros to the left of significant figures are not 
significant, For example, none of the zeros in 
0.00467 or 02.59 is significant. 


c) Zeros to the right of a significant figure. may or 
may not be significant. In decimal fraction, 
zeros to the right of a significant figure are 
significant, For example, all the zeros in 3.570 
or 7.4000 are significant. However, in integers 
such as-8,000 kg, the. number of significant: 
zeros is determined by the accuracy of the 
measuring instrument. If the measuring scale 
has a least count of 1 kg then there are.four 
significant figures written in scientific notation 


as 8.000 x 10" kg. If the least count of the scale 
is 10 kg, then the number of significant figures 
will be 3 written in scientific notation as. 
8.00 x 10° kg and so on. 


d) When a measurement is recorded in scientific 
notation or standard form, the figures other than 
the: gcn ae are significant figures. 

For example, a measurement recorded as 
8.70 x 10* kg has three significant figures. 


(n) In multiplying or dividing numbers, keep a number 
of significant figures in the product or quotient not 
тога than that contained in the least accurate 
factor Lea., the factor containing the least number of 
significant figures. For example, the computation of 
the following using a calculator, gives 


5.348 x10" x 3.64 x10" t N 


As the factor 3.64 x 10°, the least accurate in the above 
calculation has three significant figures; the answer should . 
be written to three significant figures. only. The other 
figures are insignificant and should be deleted. While 
deleting the figures, the last significant figure to be retained 
is rounded off for which the following rules are followed. 


a) If the first digit dropped is less than 5, the last digit "E T 
retained should remain unchanged. 


b) If the first digit dropped is more than 5, the digit to be 
retained, is increased by one. 


с) Ifthe digit to be dropped Is 5, the previous digit which 

^ 4e to be retained is increased by one fil is. odd and 
retained as such if it is even, For example, the 
following numbers are rounded off to three-significant 
figures as follows. The digits are deleted one by one. 


43.75 is rounded off as 43.B 
58.8548 isroundedofías 568 
73.650 is rounded off as. 73.8 
64,350 is rounded off as 64.4 
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Following this rule, the correct answer of the computation 
given in section (ii) is 1.46 x 10°. 


(hii) In adding or subtracting numbers, the number of 
decimal places retained in the answer should equal 
the smallest number of decimal places in any of the 
quantities being added or subtracted. In this case, 
the number of significant figures is not important. It 
is the position of decimal that matters. For example, 
suppose we wish to add the following quantities 
expressed in metres. 


1) 721 ii) 2.7543 
3.42 4.10 
0.003 1.273 
75.523 8.1273 
Correct answer: 75.5 m B.13m 


in case (i) tha number 72.1 has the smallest number of 
decimal places, thus the answer is rounded off to the same. 
position which is then 755 m. In case (ii), the number 4.10 has 
the smallest number of decimal places arid hence, the answer 
is rounded off to the same decimal positions which is 
then 813m. 


| In measurements made in physics, the terms precision 

‘and accuracy are frequently used. They should be 
distinguished clearly. The precision of a measurement is 
determined by the instrument or device being used and the 
accuracy of a measurement depends on Ihe fractional or 
percentage uncertainty in that measurement. 


For example, when the length of an object is recorded as 
25.5cm by using a metre rod having smallest division in 
millimetre, it is the difference of two readings of the initial 
and final positions. The uncertainty in the. single reading as 
discussed before is taken as = 0.05 cm which is now 
doubled and is called absolute uncertainty equal to 
+0.1cm. Absolute uncertainty, in fact, is equal to the least 
count of the measuring instrument. 


Precision or absolute uncertainty (least count) =+0.1 om 


| 
| 
ә 
e 
= 
E 


Fractional uncertainty 


Percentage uncertainty 


Another measurement taken by vernter callipers with least 
count as 0.01 cm is recorded as 0.45 cm. It has 


Precision or absolute uncertainty (least count) = € 0.01 cm 


Q.01cm 
Е | ‚1 — emen ИАЛ E — 
ractional uncertainty (ds em 0.02 
Percentage uncertainty = 9 Јат. ‚ 100 220 


Thus the reading 25.5 cm taken by metre rule is although 
less precise but is more accurate having less percentage 
uncertainty or error. 


Whereas the reading 0.45 cm taken by vemier callipers 
is more precise but is less accurate. In fact, it is the 
relative measurement which is important. The smaller a 
physical quantity, the more precise instrument should be 
used. Here the measurement 0.45 cm demands that a 
more precise instrument, such as micrometre screw 
gauge, with least count 0.001 cm, should have been 
used. Hence, we can conclude that: 


To assess the total uncertainty or error, it is necessary to 
evaluate the likely uncertainties in all the factors involved in 
that calculation. The maximum possible uncertainty or 
error in the final result can be found as follows. The proofs 
of these rules are given in Appendix 2. 
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. For addition and subtraction 


Absolute uncertainties. are added: For example, the 
distance x determined by the difference between two 
separate position measurements 


x1710.5 + 0.1 cm and x, = 26.8 + 0.1 ст Is recorded as 


X7 X,-4,7 16.3 £ 0.2 om 


27 For multiplication and division 


Percentage uncertainties are added. For example the 
maximum possible uncertainty in the value of resistance R 
of а conductor determined from the measurements of 
potential difference V and resulting current flow 7 by using 
R= WI is found as follows: 


V252t01V 

Г= 0.84 £t0,D5A 
The Sage uncertaintyfor V is = EM X 100 = about 2% 
The ‘sage uncertainty for 7 is = Fark x 100 = ahnul 6% 


Hence total uncertainty in the value of resistance R when V 
is divided by / is 8%. The result is thus quoted as 


R = 22У = 6.49 VA" = 6.19 ohms with a % age 
are uncertainty of 8% 
that is R=6.22 0.5 ohms 


The result is rounded off to two significant digits because 
both V and R have two significant figures and uncertainty, 
being an estimate only, is recorded by one significant 
figure. E 


3. For power factor 


Multiply the percentage uncertainty by that power. For 
example, in the calculation of the volume of a sphere using 


аде uncertainty in V= 3 x % age uncertainty in radius г. 


As uncertainty 15 multiplied by power factor, It increases the 
precision demand of measurement. If the radius of a small 
sphere is measured as 2.25 cm by a vernier callipers with 
Aeast count 0.01 cm, then 


the radius r is recorded as 
r= 2.26 +0.01 cm 
Absolute uncertainty = Least count = + 0.01 om 


ml E ren V 
age uncertainty in г= === x aa 0.4% 
Total percentage uncertainty in V = 3 x 0:4 = 1.2% 
Thus volume = + кг? 


= x 3.14 x (2.25 ст? 


= 47.689 cm? with 1.2% uncertainty 
Thus the result should be recorded as 
` VETT 4.0.6 cm 


| many measurements. 
(1) Find the average value of measured values. 
(il) Find deviation of gach measured value from the 
average value, — 
(Iii) The mean deviation is the uncertainty in the 
average value. 
For example, the six readings of the micrometer 
screw gauge to measure the diameter of a wire In 
mm are 


4.20,1.22, 7:23, 1.79, 1:22,7.21. 
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Then Average = ien ome 
ROR IRAM eh -121mm 
tes The deviation of the readings, which are the difference. 


without regards t6 the sign, between each reading and 
average value are 0.01, 0.01,.0.02, 0.02, 0.01, 0, 


LI 


= 0.01 mm 
nC nm em 1.21 mm is 


3riaint ina 


accurate upto one tenth of a second is из: the period 


E 


T= —=——= 1825s with uncut 918 = 0005s 


Thus, period T is quoted as T= 1.82 + 0.003 = 


Hence, it is advisable to count large ecd ава 
reduce timing uncertainty, 


м 
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For Your lIntormation 
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Each base quantity is considered a dimension denoted by 
a specific symbol written within square brackets. It stands 
for the qualitative nature of the- physical quantity. For 


. example, different quantities such as length, breadth, 
diameter, 


light year which are measured in metre denote 
the same dimension and has the dimension of length [ L ]. 
Similarly the mass and time dimensions are denoted by 
[M] and CCT i MM trair Other quantities that we 
measure have are combinations of these 
dimensions. «арылса бан speed Is measured in metres 
per second. This will obviously have the dimensions of 
length divided by time. Hence we can write. — 


Dimensions of speed = Dimension of length 


Е! =т= = 07 


Similarly the dimensions of acceleration аге 
[a] *[E]I T7] S [172] 
and that of force are _ | 
IF]* tm1[a] 5 мут] s (MET 7] 
Using the method of dimensions called the dimensional 


analysis, we can check the correctness of a given formula 
огап equation and can also derive it. Dimensional analysis 


l6 


makes usa of the fact thal expression of the dimensions 
can be manipulated as algebraic quantities. 


1 te nomogene 


In order to check the correctness of an equation, we are to 
show that Ihe dimensions of the quantifies on both sides of 
the equation are the same, irrespective of the form of the 
formula. This is called the principle of homogeneity: of 
dimensions, 


Example 1.4: Check the correctness of the relation 
v= к where v is the speed of transverse wave omn a 
Stretched string of tensión Ё, length / and mass m. 
Solution: 

Dimensions of L.H.S. of the equation={v]= [ LT 


Dimensions of R:H.S. of Ihe equation = ([F ] x [u] x [m] * 


= (MET ]x[E]x EM ^» (ET ү 2 [Er | 


Since the dimensions of both sides of the equation are the 
same, equation is dimensionally correct. 


fil) Deriving a possible formula 

The success of this method for deriving а relation for a 
physical quantity depends on the correct guessing of 
various factors an which the physical quantity depends. 


Example 1.5: Derive a relation for the time period of a 
simple pendulum (Fig. 1.2) using dimensional analysis. The 
various possible factors on which Ihe. time period T may 
depend are : 


1} Length of the pendulum (7) 

li) Mass of the bob (m) 

lii) Angle Û which the thread makes with the vertical 
Iv) Acceleration due to gravity (9) 
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4, 


Solution: 
The relation for the time period T will be of the form 
Txm'xl"xüxg 

or T = constant m^ 1" Bg pem ad 

where we have ta find the values of powers a, b, c and d, 

Writing. the dimensions of both sides we get 
UT] =constant xi MEL] CLET CET FI 

Comparing the dimensions on both sides we have 


Ls ig Will ea 
[MfP*[M] 
Lf opo pem 
Equating powers on both the sides we get 
E ti pa 
2d = 1 or d > 
a=0 and b+d=0 
or bade 5 and  8-[LL'f-[L^F 21 


Substituting the values of a, b, В and d in Eq. 1.1 
T= constant x m" x | ^x тхо" 


Or T = constant (а 


The numerical value of the constant cannot be determined 
by dimensional analysis, however, it can be found by 
experiments. 


Example 1.6: Find the dimensions and hence, the SI 
units of coefficient of viscosity п in the relation of Stokes’ 
law for the drag force F for a spherical object of radius r 
moving with velocity vgivenas F=6 mrv 


Solution: risa number having no dimensions. It is not 
accounted in dimensional analysis. Then 
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1.8 
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4.1 
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1.3 


Name several repetitive phenomenon occurring in nature which could serve as 
reasonable time standards. 


Give the drawbacks to use the period of a pendulum as a time standard. 
Why do we find it useful to have two units for. the amount of substance, the 
kilogram and the mole? . 


Three students measured the length of a needle with a scale on which minimum 
division is Imm and recorded as (i) 0,2145 m, (ii) 0.21 m (iii) 0.214m. Which record 
is correct and why? 


An old saying is thal "A chain is only as strong as its weakest link", What 
analogous statement can you make regarding ааа data used in a 
computation? 


The period of simple pendulum is measured by a stop watch. What type of errors 
are possible in the time period? 


Does a dimensional analysis give any information on constant of proportionality 
that may appear in an algebraic expression? Explain. 


Write the dimensions of (i) Pressure (ii) Density 


The wavelength 5. of a wave depends on the speed v of the wave and its frequency 
f. Knowing that 


JELE, [v]st £ T^] and [f]={T"] 
Decide which of the following is correct, f=vi or f= = 


A light year is the distance light travels in one year. How many metres are there in 
ane light year: (speed of light = 3.0 x 10° ms"). 


(Ans; 9.5 x 10m) 
a) How many seconds are there in 1 year? 
b) How many nanoseconds in 1 year? 
c) How many years in 1 second? 
[Ans. (a) 3.1536 x 10's, (b) 3.1538 x 10 ns (c) 3.1 x 10* vr] 


The length and width of a rectangular plate are measured to be 15.3 cm and 12.80 cm, 
respectively. Find the area of the plate. 


(Ans: 186 cm?) 


At the end of this chapter the students will be able to: 


Understand and use rectangular coordinate system, "he | * 


Understand the idea of unit vector, null vector and position vector 


nts Soe SS oe 


idend multiplication of vectors and solve problems- 


Define the moment of force or torque, 


_ Appreciate the use of the torque Ap ce 

Show an understanding ‘that when there Is no resultant force ала no resultant 
| torque, a YE a A ОШЫН. У 

Appreciate the applications of the principle of moments. — | 
Apply the knowledge gained to solve problems on statics. 


P hysical quantities that have both numerical and directional properties are called 


vectors. This chapter is concemed with the vector algebra and its applications in problems 
of equilibrium of forces and equilibrium of torques. 


(i) Vectors | 


As we have studied in school physics, there are some physical quantities which require 
both magnitude and direction for their complete description, such as velocity, acceleration 
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-and force. They are called vectors. In books, vectors are 
usually denoted by bold face characters such as A, d, r and 
иие in handwriting, we pul an arrowhead over the letter 
Ch epê only to the magnitude of a vector d. 
We usa light face type such as d. 
A vector is represented graphically by a directed line 
segment with an arrowhead. The length of the line 
segment, according to a chosen scale, corresponds to 
the magnitude of the vector. 


Two reference lines drawn at right angles to each other 
as shown in Fig. 2.1 (a) are known as coordinate axes and 
their point of intersection is known as origin. This. system 
of coordinate axes is called Cartesian or rectangular 
coordinate system. 


‘One of the lines is named as x-axis, and the other the y- 
axis. Usually the x-axis is taken as the horizontal axis, with 
the positive direction to the right, and the y-axis as the 
vertical axis with the positive direction upward. 


The direction of a vector in a plane is denoted by the angle 
which the representative lina of the veclor makes with 
positive x-axis in the anti-clock wise direction, as shown in 
Fig 2.1 (b) The point P shown in Fig 2.1 (b) has 
coordinates (a,b). This notation means that if we start al 
the origin, we can reach P by moving 'a' units along the 
positive x-axis and then 'b' units along the positive y-axis. 


The direction of a vector in space requires another axis 
which is at right angle to both x and y axes, as shown in 
Fig 2.2 (a). The third axis is called z-axis, 


The direction of-a vector in space is specified by the three 
angles which the representativa line of the vector makes 
with x, y and z axes respectively as shown in Fig 2.2 (b). 
The point P of a vector A is thus denoted by three 
coordinates (a, b, c). 


Given twa vectors A and B as shown іп Fig 2.3 (a), their sum 
is obtained by drawing their representalive lines in such a 
way that tail of vector B coincides with the head of the vector 
А. Now if we join the tail of A to the head of B, as shown in 
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represent the vector sum (A*B) in magnitude and direction. 
The vestor-sum ls also called resultant and is indicated by В. 
· Thus R= A+B. This is known as head to tall rule of vector 
= „> addition. This rule can be extended 10 find the sum of any. 
number of vectors. Similarly the sum B + А is illustrated by 
black lines in Fig 2.3 (c). The answer is Same resultant R as 
indicated by the red line. Therefore, we can say that 


TA Biarn ae ДОШ 


So the vector addition is said to be commutative. It means 
that when vectors are added, the result is the same for any 
order of addition. 


. the Fig, 2.3(b), the line joining the tail af A to the head of B. will 
А 
7А i 


er a eng vectors af the same kind —force 
vectors for example, is that single vector which would have 
the same effects as all the. tent veotors taken tagether. 


The subtraction of a vector is equivalent to the addition of 
the same vector with its direction reversed. Thus, to 
sublract vector B from vector A, reverse the direction of B 
and add itto A, as shown in Fig. 2.3 (d). 


A-B=A+(-B) where (-B) is negative E B 


i Jal i if a VE ctor by а Sic 
-B The product of a vector A and à number n > 0 is defined 


to be a new vector nA having the same direction as A 
but a magnitude n times the magnitude of A as 


а А illustrated in Fig. 2.4. If the vector is multiplied by a 
negative number, then its direction is reversed. 

Fig. 2:31d) in the event that n represents a scalar quantity, the product 

ПА. will correspond to a new physical quantity and the 

" dimensions of the resulting vector will be (he product of the 


dimensions of the two quantities which were multiplied 
together. For example, when velocity is multiplied by scalar 
mass m, the productis à new vector quantity called momentum 
bach the dimensions as those of mass and velocity, 


A U VEE а а теп келей азаа wth magnitude 
one in that direction. It is used to represent the direction cf 
а vector, 
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A unit vector in the direction of A is written as A Which we 
read а= A hat’, thus 


А = АА 
А 


=> 


= 
A 
The direction along x, y and 2 axes are generally 


represented by unil vectors i, | and k respectively 


(Fig. 2.5 a). The use of unit vectors is not restricted to 
Cartesian coordinate system only. Unit vectors may be 
defined for any direction. Two of the more frequently 


used unit vectors are the vector г which represents the 


direction of the vectorr(Fig. 2.5 b) and the vector n 
which represents the direction of-a normal drawn on a 
specified surface as shown іп, Рід 2.5 (c). 


(vili) Mull Vector 


Mull vector is a vector of. zero magnitude and arbitrary 
direction, Forexample, the sum of a vectór and its negative 
vector is а null vector 


oA +(-Aj= 0 LTE (2:3) 


LX) Equal Vectors 


Two vectors A and B are said to be equal if they have the 
same magnitude and direction, regardless of the position 
of their initial points. 


This means thal parallel vectors of the same magnitude 
are equal to each olher, 


Rectangular Components of a 


A component of a vector is its effective value in a given 
direction. A vector may be considered as the resultant of 
its component! vectors along the specified directions. It-is 
usually convenient to resolve a vector into components 
along mutually perpendicular directions Such components 
are called rectangular components 


fo 
Fig. 2-541) 
Á 
m 
i 


Let there be a vector A represented by OP making angle f 
with the x-axis. Draw projection OM of vector OP on x-axis 
and projection ON of vector OP on y-axis as shown іп 
Fig.2.6,Projection OM being along x-direction is represented 


by A, iand projection ON = MP along: y-direction is 
represented by А, j . By head and tail rule 


A=A,i +А,] pete (2.4) 


Thus A, i and A, jare the components of vector A. Since 
these are at right angle to each other, hence, they are called 
rectangular components of A. Considering the right angled 


triangle OMP, the magnituda of A, ior x-component of A is 
ASA ER en (25) 


And that of A, jor y-component of A is 
AANO es» (2.8) 


(xi) Determination of a Vector from its 


Rectangular Components 


If the rectangular oponent of a vector, as shown In 
Fig. 2.6, are given, we can find out the magnitude of the 
vector by using Pythagorean theorem. 


In the right angled A OMP, 
ОР? = ОМ + MF 
or ДЇ АУ ЖАЙ... us (2.7) 
م‎ 
or A = Ai +A; 


and direction Ө is given by tana = oni sx. 


3 


or Ө = tan hati (2.8) 


ae 


10. r 


Let A and B be two vectors which are represented by two 

- directed lines OM and ON respectively, The vector B is added 
ta A by the head to tail rule of vector addition (Fig 2.9), Thus 
the resutant vector R = А + B is given, in direction and 
magnitude, by the vector OP. 


In the Fig 2.8 A,, By and R, are the x components of the 
vectors A, В апа R and their magnitudes are given by the 
lines OQ, MS. and OR respectively, But 


which means that the sum of the magnitudes of 
-X-components of two vectors Which ara to be added,is 
equal to the x-component of the resultant. Similarly the 
sum of the magnitudes of components of two vectors is 
equal to the magnitude of y-component of the resultant, 
that is 


i+ 
ive = 4 LA 20 
"T ^ ы 
TIRA ;* By * As P" " 


Since A, and A, are the rectangular components of the 
resultant vector R, hence. 


R-RIR,j 


or | R= (A; + BJÎ +A, + BJ] 
The magnitude of the resultant vector R is thus given as 


and the direction of the resultant vector is атое fiin 


"я. ,* B.) 
i= jan’ l= £- ; 
mat а D [А + B.) 
_ | atA +B), | 
and Ө = tan A ау у. (2.14) 


Similarly for any number of coplanar vectors А. В, C...., we 
can write 


R= (A «B SD s o (A, кВ, P sss (2:15) 
a tA, #8540) 4.0.0) 
(A, * B, * C, 4+...) 


The vector addition by rectangular components consists of 
the following steps, 


and = tan ЕТЕР (2406) 


1) Find x and y components of all given vectors. 


it) Find x-component AR, of tha resultant vector by 
adding the x-components of all the vectors 


iil) Find y-component R, of the resultant vector by 
adding the y-components of al! (he vectors 


iv) Find the magnitude of resultant vector R using 
R= JRi+R? 
v) Find the direction of resultant vector R by using 
QR 
Ө = tan! — 
R 


where 8 is the angle, which the resultant vector makes with 
positive x-axis. The signs of R, and R, determine the 
quadrant in which resultant vector lies. For that purpose 
proceed as given below. 


Irrespective of the sign ol R, and Кы determine the value 


mT 
of tan" RÀ = $ from the calculator ог by consulting 


з 


trigonometric tables. Knowing the value of, angle 0 ds 
determined as follows. 
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Step () 


a) If both А, and R, are positive, then the resultant lies 
in the first quadrant and its directionis Û 76. 


b) ПА, is -iva and R, Is tive, the resultant lles in the 
second quadrant and its direction is 0 = 180-4. 


c) Ifboth А, and A, are -ive, the resultant lies inthe third 
quadrant and its direction is 0 = 180+ b , 


d) IFR, is positive and R; is negative, the resultant lies in 
the fourth quadrant and its direction is Û = 360-4 . 


Example 2.2: Two forces of magnitude 10 N and 20 N 
асі оп a body in directions making angles 30° and 60° 
respectively with x-axis. Find the resultant force. 
Solution: 
x-components 
The x-component of the first force = Fa = F; cos 30° 
= 10 N x 0.866 = 8,66 N 
The x-component of second force = Fa =F; cos 60° 
=20Nx0.5=10N 
y-components 
The y-component of the first force = Fy = Р, sin 30° 
=10Nx05=5N 
The y-component of second force = F5, = Fy sin 60" 
| = 20 N x 0.866 = 17.32 N 
Step (ii) 
The magnitude of x component F, of the resultant force F 
FSFE 
Е, = 8.66 N + 10M = 18.66 М 
Step (iii) i 
The magnitude of y component Fy of the resultant force F 
Fy = Fy + Fo 
F, = 5 № + 17.32 N= 22.32 М 
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where A and Каны tener ч! sR ST 
û is the angle between them. 


For physical interpretation of dot product of two vectors: A and 
В, these are first brought to a common origin (Fig. 2.10 а), 


then, B = (A) (projection of Bon A) 
i * | 
АВ = А (magnitude of componentof B in the direchionaf А) 
-A(BcosB)-ABcosU 
Similarly BA-B (A cost) = BA cos Û 


We come across this type of product when we consider the 
work done by a force F whose point of application moves а 
distance d in a direction making an angle ü with the line of 
action of F, as shown in Fig. 2.11. 


Work done = (effective component of force in the direction 


of motion) x distance moved 
= (F cos 9) d= Fd cos 
Using vector notation 
F.d = Fd cos 0 = work done 
Characteristics of Scalar Product 
1, Since А.В = АВ сово and В.А = ВА cost = AB costi. 


hence, AB = В.А. The order of multiplication ts 
irrelevant, In other words, scalar product is 
commutative. 


2. The scalar product of two mutus perpendicular 
vectors is zero, A.B - AB cost 


In case of unit vectors ij and k, since they are 
mutually perpendicular, therefore, 


3. The scalar product of two parallel vectors is equal 
to the product of their magnitudes. Thus for parallel 


vectors (8 0°) 


А.В = AB cos Ü = AB 
In case of unit vectors 


and for antiparallel vectors: (8=180° ) 
А.В = AB соѕ180 = -AB 


4. The self product pf a vector A is equal to square of 
its magnitude. 1 


A.A = ДА cos 0 = д? 


Scalar product of two vectors A and B in terms of 
their rectangular components 


Un 


AB = (A, i +A, | +A, К). (B, 1 +8, ] 4B, К) 
or AB-AB,tAB,*AB, .......... (2.20) 


Equation 2.17 càn be used to find the angle between two 
vectors: Since, 


А.В = AB cost = A,B, + А,В, + A,B, 
ian PP Aa: i 
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Displacement d= ra= ra= (8—1) i+ (7-3) 1 =41 +4] 
Work done = Fd = (21 + 3j). (4) +41) 
= 8 +12 = 20 units: 
Example 2.5: Find the projection of vector A=21-Bj+k 
in the direction of the vector В=31- 4] - 12k. 
Solution: If (is the angle between A and B, then А cos 


15 the required projection. 
By definition А.В = AB cos б 
A cos 8 AB =A. B 


4 


Where B is the unit vector in the direction of B 


NOW B= 3 (ay v cia! = 13 
Therefore B= (31-4]-12) 

13 
The projection of A on B = (21-8 j +k). BEE 


= (2) (3) (8) (-4)+1 C12) 26 . 9 
rie 13 


The vector product of two vectors A and B, is a vector 
which is defined as 


p d 
TE i 


where n is a unit vector perpendicular to the plane 
containing A and B as shown in Fig. 2.12 (a). Its direction 
can Бе determined by right hand rule. For that purpose, 
place together the tails of vectors A and B to define the 
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plane of vectors A and B. The direction of the 

vector is perpendicular to this plane. Rotate the first vector 

Rito В roug бе maler o wo posti argos and 
| hand 


in the Fig 2.12 (b). Because of this direction rule, 
isa الا مشج زی ار ییا‎ Pip DARE. Hence 


Characteristics o of Cim Product Hio 


ї, Since А х B is nat the same as Вх А, the 
cross product is non commutative, 


2; Тһе cross product of two perpendicular vectors has 
maximum magnitude AxB = АВ віпдб° п= AB n 


In case of unit vectors, since they form a right 
handed system and are mutually perpendicular 
Fig. 2.5 (a) — А 


їх}=к,]хк= Î, kx = j 


3. The cross product of two parallel vectors is null 
vector, because for such vectors 8 = 0° or 180°. 
Hence 


A x B = AB sinü"n = AB sin 180^ n« 0 


А ‘ BXA 
As a consequence АхА=0 " 


Fig. Tito) 


4. Cross product мо vectors Aand B in terms o 
eir rectangular components is : 


A x B = (Al *Ay] Ak) x (BL +В, j 4B,K) 
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The result obtained can be expressed for memory in 
determinant form as below: 


af ee 
гч AxB -|A А А, | 


Fig. 2.1219) |B, В, В, 
5. The magnitude of A x B is equal to the area of the 


parallelogram formed with A and B as two adjacent 
sides (Fig, 2.12 d). i 


Examples of Vector Product 


і. When a force F is applied on a rigid body at a 
point whose position vector is r from any point 
of the axis about which the body rotates, then 
the turning effect of the force, called the torque 
t is given by the vector product of r and F, 


tT=rxF 


ii. The force on a particle of charge gq and 
velocity v in a magnetic field of strength B is 
given by vector product. 


F=q (vx В) 


We have already studied in school physics that a turning 


; toming effect is produced when a nut is tightened with a 
point ^ sbanner (Fig. 2.13). The tuming effect increases when you 
push harder on the spanner. It also depends on the length 


The nut is easy lotum witha spanner. Of the spanner: the longer the handle of the spanner, the 

0 greater is the tuming effect of an applied force. The 
turning effect of a force is called its moment or torque and 
Р its magnitude is defined as the product of force F and 
} the perpendicular distance from its line of action ta the 


is easier st ithe spannerhese -Divot which is the point O around which the body 
tong handle, (spagner) rotates, This distance OP is called moment 


Fig. 213 arm /. Thus the magnitude of torque represented by т is 
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When the line of action of the applied force passes through 
the pivot point, the value of moment arm / = Û, so in this case f 
torque is zero. 

We now consider the torque due to a force F acting on 

a rigid body, Let the force F acts on rigid body at point 
P whose position vector relative to pivol O is r. The 
force F can be resolved into two rectangular 
components, F зіп 8 perpendicular to г and F cose 
along the direction of r (Fig. 2.14 a). The torque due to 
F cos gabout pivot O is zero as its line of action passes. 
through point O, Therefore, the magnitude of torque due - 
to Fis equal to the torque due to F sing HN che Oo. 

It is given : 


Alternatively (fis ont anm 1. yep the utem of | 
the component of г perpendicular to the line of action of F Fig. 214a 
ацан li ч “йз 


a 
From Eq. 2.27 and Eq. 2.28 it can be seen that the torque 


can be defined by the Vector product af position vector- г 
and the force F, so. 


'"rT2rxF 


Where (rF sin8) is the magnitude of the torque. The 
direction of the.torque represented by n is ndicular 
to the plane cóntaining r and F given by right hand rule for 


the vactor product of two vectors. "en 
The SI unit for torque is newton metre (№ m)N , M 

Just as force determines the linear acceleration produced 

in a body, the torque acting on a body determinesjts angular \% 


acceleration. Torque is the analogous of force for rotational 
motion. If the body is at rest or rotating with uniform 
angular velocity, the angular acceleration will be zero. In this 
кечек уи eR oan WEN KAY. 


+ 
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— 26: The line of ection of a force F pa sses 
through a point P of a POS "whose position 


vectorinmetre isi- 2j+ k. IfF221-3 j + 4k (in newton), 
determine the Lo hoch the point ‘A whose position 


„velar (in metre) is 2 Û + j +k 
Solution: 


The position vector of point A = r, =21+ j +k 


SCARE TN TM 


AP = react TAY 


OAP-(- 2j+ k)- eisi + k)e-i-3j. 
The torque about A = rxF 


#(1-3])х(21-3] +4k) 
=421+4] +9k Nm 


We have studied in school physics that if a body, under the 
action of a number of forces, is at rest or moving with 
uniform velocity, it is said to be in equilibrium. 


1 of Equilibrium 


A body at rest or moving with uniform velocity has zero 
acceleration. From Newton's Law of mation the vector sum: 
of all forces acting on it must be zero. 


This is known as the first condition of equilibrium. Using 
the mathematical symbol EF for the sum of all forces we 
can write 


"МЫ ua LA : - жЕ 19 STA 
coc ow SSF ve ED) 
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Fig. 2.17 


Second Condition of Equilibrium 


Let two equal and opposite forces act on a rigid 
body as shown in Fig. 2.17. Although the first condition of 
equilibrium is satisfied, yet it may rotate having clockwise 
turning effect. As discussed earlier, for angular acceleration 
to be zero, the net torque acting on the body should be 
zero. Thus for a body in equilibrium, the vector sum of all 
the torques acting on it about any arbitrary axis should be 
zero. This is known as second condition of equilibrium. 


_ Mathematically it is written as 
at Зе „< | “Єз Ww X0 = И #? Cpr ` (2.33) 


By convention, the counter clockwise torques are taken as 
positive and clockwise torques as negative. An axis is 
chosen for calculating the torques. The position of the axis 
is quite arbitrary. Axis can be chosen anywhere which is 
convenient in applying the torque equation. A most helpful 
point of rotation is the one through which lines of action of 
several forces pass. 


We are nowina position to state the complete requirements 
for a body to be in equilibrium, which are 


(1) IF=0 ie XF,-0 and EF,-0 


(2) 3:0 


For a body to be in complete equilibrium, both conditions 
should be satisfied, Le., both linear acceleration and 
angular acceleration should be zero. 


We will restrict the applications of above mentioned 
conditions of equilibrium to situations in which all thé forces 
lia in a common plane. Such forces are sald to be 


40 


-R,xAD-300N x DB- 200 N x DC = 0 
-R.,x1m-300Nx3m- 200N x 1m = 0 
R =-1100 № = - 1,1 kN 
Substituting the value of Ri in Eq. (i). we have 
-1100 + R; = 500 | 
В. = 1600 N 21.6 kN 
The negative sign of R; shows that it is directed downward. 
* Thus the result has corrected the mistake of our initial 
assumption. 


` SUMMARY | 
The arrangement of mutually perpendicular axes is called rectangular or Cartesian 
coordinate system, 


A scalar is a quantity that has magnitude only, whereas a vector is a quantity that 
has both direction and magnitude, 
The sum vector of two or more vectors is called resultant vector. 


Graphically the vectors are added by drawing them to а common scale and 
placing them head to tail, the vector connecting the tail of the first to the head of 
the last vector is the resultant vector. 

Vector addition can be carried out by using rectangular components of vectors. If 


A, and A, are the rectangular components of A and B, and B, are that of vector 
В. then the sum R- А + В is given by 


В. = АВ, 1 R,TA,FB, 
where R = JR, + R,* and direction astan zr 


x 


Unit vectors describe directions in space. A unit vector has a magnitude of 1 with 
no units, 


A vector of magnitude zero without any specific direction is called null vector. 


The vector that deseribes the location of a particle with respect to the origin of 
coordinate system is known as position vector. 


The scalar product of two vectors A and B is a scalar quantity, defined as : 
A.B = AB cos Û 
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2.1 Define. the terms (1) unit vector (jj) Position vector and (ү) Components of a vector, 


22 The vedor sum of three vectors gives a zero resultant. What can be the. orientation 
of the vectors? 


2.3 Vector A lies in the xy plane. For what orientation will both of its rectangular 
components be negative ? For what orientation will its components have opposite signs? 


2.4 If one of the rectangular components of a vector is not zero, can its magnitude be 
zero ? Explain. 


2.5 Can a vector have a component greater than the vector's magnitude? 
2.6 Can the magnitude of a vector have a negative value? 
27WA-*B =0,What can you say about the components of the two vectors? 


2.8 Under what circumstances would a vector have components that are equal in 
magnitude? 


2.8 Is it possible to add a vector quantity to a scalar quantity? Explain. 

2.10 Can you add zero to a null vector? 

2.11 Two. vectors have unequal magnitudes. Can their sum bê zero? Explain, 

2.12 Show that the sum and difference of two perpendicular vectors of equal lengths are 
also perpendicular and of the same length. 


43 


213 How would the two vectors of the same magnitude have to be oriented, if they 
were to be combined to give a resultant equal to a vector of the same magnitude? 


214  Thetwo vectors to be combined have magnitudes 60 N and 35 N. Pick the 
correct answer from those given below and tell why is it the Р one of the three 
that is correct. 


i) 100 N il) ZO N lii) 20 N 


2.15 Suppose the sides of a closed polygon represent vector arranged head to tail. 
What is the sum of these vectors? 
2.18 Identify the correct answer, 


i) Two ships X and Y are travelling in different directions at equal speeds. The actual 
direction of motion of X is due north but to an observer on Y, the apparent direction of 
motion of X is north-east. The actual direction of motion of Y as observed from the 
shore will be 
(А) East (B) West (©) south-east (D) south-west 


il) A horizontal force F is applied to a small object P of mass m at rest on a smooth 
plane inclined at an angle 8 to the horizontal as shown in Fig. 2.22. The magnitude of 
the resultant force acting up and along the surface of the plane, on the object is 
a) Fcos8 -mgsin 6 
b) Fsinü-mgcos Ө F 
c) Fcos8-*mgcosb 
dj Fsinü-*mg sing 


2 
e) mgtían&ü тт 
2.17 (fall the components of the vectors, A, and А; were reversed, how would this alter 
A; x А? 


2.18 Name the three different conditions that could make Ayx Аз =0. 
2.18 Identify true or false statements and explain the rea 
a) А body in equilibrium implieslthat it is not moving nor rotating. 


5) If coplanar forces acting on a body form a closed polygon, then the body is said 
to be in equilibrium. 


2.20 A picture is suspended from a wall by two strings. Show by diagram the 
configuration of the strings for which the tension in the strings will be minimum. 


221 Gana body rotate about its centre of gravity under the action of its weight? 
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2.1. 


2.2. 


2.3, 


2.4. 


2.5. 


2.6. 


ЕГ. 


2.8, 


Suppose, in a rectangular coordinate system, a vector A has its tail а! the point 
P (-2, -3) and its tip at О (3,9). Determine the distance between these two points. 
(Ans: 13 Units) 


A certain comer of a room is selected as the origin of a rectangular coordinate 
system. If an insect is sitting on an adjacent wall at a point having coordinates 
(2.1), where the units are in metres, what is the distance of the insect from this 
comer of the room? 


(Ans: 2.2 m) 
What is the unit vector in the direction of the vector Az4 1*3]? 
(Ans: eres 
Б 


Two particles are located at г, 23 1+ 7 | and r--2i +3) respectively. Find both the 
magnitude of the vector irr.) and its orientation with respect to the x-axis. 
[Ans: 6.4,219°] 


If а vector B is added to vector A, the result is 6i + j.I B is subtracted fram A, 
the result is -4 147 | . What is- the magnitude of vector А? 
(Ans: 4.1) 


Given that A =2 i+3] and B =3 1-4 ]. find the magnitude and angle of 
(a) C=A+B,and(b) O=3A-2B. 


(Ans: 5.1, 349°; 17.90°) 
Find the angle between the two vectors, A =5 1+ JandB 22.1 +4 |, 
(Ans: 52^) 


Find the work done when the point of application of the force 31 +2] moves in a 
straight line from the point (2,-1) to the point (6,4). 


(Ans: 22 units) 
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2.8. 


2.10. 


2.11 


2.12. 


2.13 


2.14 


2.15, 


AUAS | 


Show that the three vectors | + j +k 21 Say k and 4i+j-5k are mutually 
perpendicular, i | 


Given that A -i-2j43k and В=31-4к, find the projection of 
A on B. 
Sar. 
(Ans: =) 
Vectors A,B and C are 4 units north, 3 units west and B units east, respectively. 


Describe carefully (а) A x B (p) Ax C (c) Bx C 
[Ans: (a)12 units vertically up (b) 32 units verticallydawn (c) Zero] 


The torque or turning effect of force about a given point is given by r x F where r is the 
vector from the given point to the point of application of F. Consider a force 


F = - 3+ j+5k (newton) acting on the point Ti+3 j +k (m). What is the torque 
InN m about the origin? 


[Ans: 14i-38j «16k Nm] 


The line of action of force, F = 2 J. passes through a point whose position 
vector is (-]+k). Find (а) the moment of F about the origin, (b) the moment of F 


about the point of which the position vector is Î +k. 


[Ans: (a)2i+j+k,(b) 3k] 

The magnitude of dot and cross products of two vectors are 63 and 6 
respectively. Find the angle between the vectors 

i (Ans: 30°) 


А load of 10.0N is suspended from a clothes line. This distorts the line sa that it 
makes an angle of 15° with the horizontal at each end. Find the tension in the 


clothes line. 


[Ans: 19.3N] 


Chapter 3 
Learning Objectives 


At the end of this chapter the students will be able to: 


1. Understand displacement from its definition and illustration. 

2, Understand velocity, average velocity and instantaneous velocity. 

3. Understand acceleration, average acceleration and instantaneous acceleration. 
4. Understand the significance of area under velocity-time graph. 
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Recall and use equations, which represent uniformly accelerated motion in a 
straight line including falling in a uniform gravitational field without air resistance. 


6, Recall Newton's Laws of motion. 
T. Describe Newton's second Мао cR a CHUA ee momen 
8. Define impulse as a product of impulsive force and time. 
8. Describe law of conservation of momentum. 
10. Use the law of conservation of momentum in simple applications including elastic 
collisions between two bodies in one dimension. 
11. Describe the force produced due to flow of water. 
12. Understand the process of rocket propulsion (simple treatment). 
13. Understand projectile motion in à non-resistive medium. 
14. Derive time of flight, maximum height and horizontal range of projectile motion. 
15. Appreciate the motion of ballistic missiles as projectile motion. 


W e live in a universe of continual motion. In every piece of matter, the atoms are in a 


state of never énding motion. We move around the Earth's surface, while the Earth moves in 
its orbit around the Sun. The Sun and the stars, too, are in motion. Everything in the vastness 
of space is ina state of perpetual motion. 
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de eet 


Every physical process involves motion of some sort 
Because of its importance in the physical world around us, 
it is logical that we should give due attention to the study 
of mation. 


‘We already know that motion and rest are relative. Here, in 

this inen we shall discuss other related topics in some 

mare details, 

Whenever a body moves from one position to another, 
the change in its position is called displacement. The 
displacement can be represented as a vector that 
describes how far and in what direction the body has been 
displaced from its original position. The tail of the 
displacement vector is located at the position where the 
displacement started, and its tip or arrowhead is located at 
the final position where the displacement ended. For 
example, if a body is moving along a curve as shown in 
Fig. 3.1 with A as its initial position and B as its final 
position then the displacement d of tha body is 
represented by AB. Note that although the body is moving 
along а curve, the displacement is different from the pathi 
of motion. 


. Hr, is the position vector of A and г; that of point B then by 
head and tail rule it can be seen from the figure that 


d= =f 


Its magnitude is the straight line distance between the 
initial position and the final position of the body. 


When a body moves along a straight line, the displacement 
coincides with the path of motion as shown in Fig. 3.2. (a) 


We have studied in school physics that time rate of change 
of displacement is known as ee Its direction. {в along d 
the direction of displacement. So if d is the total - Fig-3.2(8) 
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displacement of the body in time t, then its average velocity 
during the interval tis defined as | 


KEARSE SIN. 
- Average velocity does not tell us about the motion between 

A and B. The path may be straight or curved and the 

motion may be steady or variable. For example if a squash. 
hall comes back to its starting point after bouncing off the 
wall several times, its total displacement is zero and so 
alsa is its average velocity. 


- In such cases the motion is described by the 
- instantaneous velocity, 


In order to understand the concept of instantaneous . 
velocity, consider a body moving along a path ABC in xy 

plane. At any time |, let the body be at point A Fig..2(b).Its 

position is given by position vector гү. After a short time 

interval Af following the Instant f, the body reaches the 

point B which is described by the position vector rz. The 

displacement of the body during this short time interval is 

given by 


Ad= Fy — Ti 


The notation A (delta) is used to represent а very small 
change. | 

The instantaneous velocity at a point A, can be found by 
making At smaller and smaller. In this case Ad will also 
become smaller and point B will approach A. If we continue 
this process, letting В approach A, thus, allowing лг and Ad 
lo decrease but never disappear completely the ratio 
. Ad/Al approaches a definite limiting value which is the 
instantaneous velocity Although Af and Ad become 
extremely small in this process, yet their ratio is not 
necessanly a small quantity. Moreover. while decreasing 
the displacement vector, Ad approaches a limiting direction 
-along the tangent at A. Therefore, 


Fig.3.2ib) 


Using the mathematical language, the definition of 
instantaneous velocity м... is expressed as. 


qct oe —» —"À » ——— de - ^ fp > 


Мк ao ar be ese 62) 


read as limiting value of Ad/Af as At approaches zero. 


If the instantaneous velocity does not change, the body is 
said lo be moving with uniform velocity. 


If the velocity of an object changes, it is said to be moving 
with an acceleration. 


As velocity is a vector so any change in velocity may be 
QUE iD ош Yn tes TOG оса опире ю iis direction 
or both. 


Consider a body whose velocity v. at any instant? changes to 
v; in further small time interval At, The two velocity vectors м, 
and v; and the change in velocity, vı = Wi = AV, аге 
represented in Рід, 3.3. The average acceleration ay, during 
time interval Af is given by Fig: 


Vor А. 1 | ау: 
ak ries iy (3.3) 


As a,, в the differance of two vectors divided by a scalar 
At, aa, must also be a vector. Its direction is the same as 
. that of Av. Acceleration of a body at a particular instant is 
known as instantaneous acceleration and it is the value 
obtained from the average acceleration as Af is made 
smaller and smaller till it approaches zero. Mathematically, 
itis expressed as 


a= 
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Fig.3.5 


Fig.3.6 


If the velocity of a body is increasing, its acceleration is 
positive but if the velocity is decreasing the acceleration is 
negative. If the velocity of the bady changes by equal amount 
in equal intervals of time, the body is said to have uniform 


neous acceleration, 


Tu d 


Graphs may be used to illustrate the variation of velocity of 
an object with time. Such graphs are called velocity-time 
graphs. The velocity.time graphs of an object making three 
different journeys along a straight road are shown in 
figures 3.4 to 3.6. When the velocity of the car is constant, 
its velocity-time graph is a horizontal straight line (Fig 3.4). 
When the car moves with constant acceleration, the 
velocity-time graph is a straight line which rises the same 
height for equal intervals of time (Fig 3.5). 


When the car moves with increasing acceleration, the 
velocity-time graph is a curve (Fig 3.8). The point А on the 
graph corresponds to time |. The magnitude of the 
instantaneous acceleration at this instant ls numerically 
equal to the slope of tha tangent at the point A on the 
velocity-time graph of the object as shown in Fig 3.6. 


The distance moved by an object can also be determined 
by using its velocity-time graph. For example, Fig 3.4 
shows that the object moves at constant velocity v for time t. 
The distance covered by the object given by Eq. 3.1 is 
v XL This distance can also be found by calculating the 
area under the velocity-time graph. This area is shown 
shaded in Fig 3.4 and is equal to v x t. We now give 
another example shown in Fig 3.5. Here the velocity of the 
object Increases uniformly from 0 to v in time t. The 
magnitude of its average velocity is given by 

Dev 1 
=- 
x 2 


Vay 
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In school physics we have studied some useful equations 
for objects moving at constant acceleration, 


Suppose an object is moving with uniform acceleration à 
along a straight line. If its initial velocity is v, and final 
velocity after a time interval t is w: Let the distance 
covered during thisinterval be § then ме have 


vy =¥,+ al دق‎ dane (3.5) 
ga! V ды ee (3.6) 
Ssytt piso pe ne (3.7) 
АБ et шн (3.8) 


These equations are useful only for linear motion with 
uniform acceleration, When the object moves along a 
straight line, the direction of motion does not change. In 
this case all the vectors can be manipulated like scalars. In 
such problems, the direction of initial velocity is taken as 
positive. A negative sign is assigned to quantities where 
direction is opposite to that of initial velocity. 


In the absence of air resistance, all objects in free fall near 
the surface of the Earth, move towards the Earth with a 
uniform acceleration. This acceleration, known as 
acceleration due to gravity, is denoted by the letter g and 
its average value near the Earth surface is taken as 
9.8 ms* in the downward direction. 


The equations for uniformly accelerated motion can also be 
applied to free fall motion of the objects by replacing a Буд. 


JEWTOR 


Newton's laws are 
experiments. They were clearly stated for the first time by 
Sir Isaac Newton, who published them in 1687 in his 
famous book called "Principia". Newton's laws are adequate 
for speeds that are low compared with the speed of light. 


empirical laws, deduced from 
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Distance covered = average velocity x time = zv xt 


Now we calculate the area under velocity-time graph which 
is equal to the area of the triangle shaded in Fig 3.5. Its 
value is equal to 1/2 base x height = 1/2 v x t 
Considering the above two examples it is a general 
conclusion that 


Example 3.1: The velocity-time graph of a car moving 
on a straight road is shown in Fig 3.7. Describe the motion 
of the car and find the distance covered. 


Solution: The graph tells us that the car starts from rest, 
and its velocity increases uniformly to 20 ms" in 5 
seconds. lts average acceleration is given by 
av 20me7 , 
a=—= -4ms 
At 5s 
The graph further tells us that the velocity of the car 
remains constant from 5" to 15" second and it then 
decreases uniformly to zero from 15" to 19" seconds. The 
acceleration of the car during last 4 seconds is 


E 


af 46 


The negative sign indicates that the velocity of the car 
decreases during these 4 seconds. 


The distance covered by the car is equal to the area 
between the velocity-time graph and the time-axis. Thus 


Distance travelled = Area of ЛАВЕ + Area of rectangle BCEF 
+ Area of ACDE 
= х 20 ms x 5s + 20 ms" x 10s+ 2 x20 msx4s 


1 
2 
= 50m * 200m + 40 m = 290 т 
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For very fast moving objects, such as atomic particles in an 
accelerator, relativistic mechanics developed by Albert 
Einstein is applicable. 


You have. already studied these laws in your secondary 
school Physics. However a summarized review is given 
below. J 


Newton's First Law of Motion 


A hogy at rest will periain al rest, and a body moving with 

uniform velocity will cóntinue-ta de sc, unless acted upon by 
some Unbalanced external force. This is also known as law 
of inertia. The property of an object tending to maintain the 
state of rest. or state of uniform motion |5 referred to as the 
object's inertia. The more inertia, the stronger is this 
tendericy in the presence of a force. Thus. 


The frame of raference in which Newton's first law of motion 
holds. is known as inertial frame of referance. A frame of | 
reference stationed on Earth is approximately an inerial кез аы ы. 


Newton's Second Law of Motion 


A force applied ота body produces acceleration in its own. “ 
direction, The acceleration produced varies. directly with 
the saisis force and diced with the mass of the body. 


Action and reaction are equal and opposite. For example, 

° whenever an interactiorr occurs between two objects, each 
object exerts ihe same force on the other, but in the 
opposite direction and for the same length of time. Each 
forte in action-+eaction pair acts only on one of the two 
bodies, the action and reaction forces never act on the 
same body. 


We are aware of the fact that moving object possesses a 
quality by virtue of which it exerts a force on anything that 
tries to stop it. The faster the object is travelling, the harder is 
io stop it Similarly, if two objects move with the same 
velocity, then it is more difficull to stop the massive of the two. 


This quality of the moving body was called the quantity of 
motion of the body, by Newton. This term is now called 
lingar momentum of the body and is defined by the relation: 


Linear momentum = p= тм ^... (310) 


In this expression v is the velocity of the mass m. Linear 
momentum is, therefore, a vector quantity and has the 
direction of velocity. 


The SI unit of momentum is kilogram metre per second 
(kg m s"). It can also be expressed as newton second (Ns). 


Momentum апа Newton's Second Law of Motion 


. Consider a body of mass m moving with an initial velocity м. 
Suppose an extemal force F acts upon it for time t after which 
velocity becomes v, The accelerationa produced by this force 
is given by 


EL 
I 
By Newton's second law, the acceleration is given as 


а=— 
т 


Equating the two expressions of acceleration, we have 
к, ЖЕЗ 
т Н 

or Fxfzmw-mw|  ...... (3.11) 


where mv is the initial momentum and mwy is the final 
momentum of the body 
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The equation 3.11 shows that change in momentum is- 
equal to the product of force and the time for which force is. 
applied, This form of the second law is more general than 
“the form F = ma, because it can easily be extended to 
account for changes as the body accelerates when its 
mass also changes. For example, as a rocket accelerates, 
it loses mass because its fuel is burnt and ejected to 
provide greater thrust. 


From Eq. 3.11, p m 


КАБАГЫ КЫ i 


Impulse 


Sometimes we wish to apply the concept of momentum to 
cases where the applied force is not constant, it acts for very 
short time. For example, when a bat hits a cricket ball, the 
force certainly varies from instant to instant during the 
collision. In such cases, it is more convenientto deal with the 
product of force and time (Е x f) instead of either quantity ™ 
alone. The quantity F x t is called the impulse of the force, 
where F can be regarded as the average force that acts 
during the time t. From Eq. 3.11 


ImpusesFxtemw-mw — (312) 


Law of Conservation of Momentum 


Let us consider an isolated system. It is a system on which 
no external agency exerts any force, For example, the 
molecules of a gas enclosed in a glass vessel at constant 
temperature constitute an isolated system. The molecules 
can collide with one another because of their random 
motion but, being enclosed by glass vessel, no extera! 
agency can exert a force on them. 

Consider an isolated system of two smooth hard interacting 
balls of masses m, and ma moving along the same straight 
line, in the same direction, with velocities wi and м: 
respectively. Both the balls collide and after collision, ball of 
mass m, moves with velocity м' and m; moves with velocity 
v5 in the same direction as shown іп Fig 3.8. 


To find the change in momentum of mass rm, using Eq 3.11 
we have, 


 FxtemW = тум 
Similarly for the ball of mass my we have 
Ех t= тм Matz 
Adding these two expressions, we gel - 
(F + F )t (mi vy - туму) + (ma vas — ms vs) 


Since the action force F ls equal and opposita to the 
reaction force Е, we have F=- Е, so the left hand side of 
the equation is zero. Hence, 


О = (m v: ~My We) * (ms vs -msws) 


In other words, change in momentum of 1st ball + change 
in momentum of the 2™ ball = 0 


Pe гане ae ee See REN is 1E 
| (Ormvirmewse (mei tme) os 
| Which means that total initial momentum of the system 
before collision is equal ta the total final momentum of the 
system after collision. Consequently, the total change in 
momentum of the isolated two ball system Is zero. 
For such a group of objects, if one object within the group 
experiences a force, there must exist an equal bul 
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opposite reaction force on some other object in the same 
group. As a result, the change in momentum of the group 
of objects as a whole is always zero. This can be 
expressed in the form of law of conservation of momentum 
which states that 


In applying the conservation law, we must notice that the 
momentum of-a body is a vector quantity. 


Example 3.3: Two spharical balls of 2.0 kg апа 3.0 kg 
masses are moving towards each other with velocities of 
6.0ma and4 ma" respectively. What must be the velocity of. 
the smaller ball after collision, if the velocity of the bigger 
ball is.-3,0 ms"? 3 


Solution: As both the balls are moving towards one 
another, so their velocities are of opposite sign. Let us 
suppose that the direction of motion of 2 kg ball is positive and 
that of the 3 kg is negative, 
The momentum of the system before collision = m, vp * ma vs 
= 2 ках бтв" + 3 ках A ms") = 12 коте! — 12 ко ms! «0 
Momentum of the system aftercollision= rn , v + зу 
-2kgx v: +3 ках (-3)ms' 
From the law of conservation of momentum 
Momentum of the system | _ Î Momentum of the system | 
before collision. = afier collision 
0-2kgsv,-9kgms" 
2kdxvis9kgms' 
v.245ms' 
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т, m, 
Before collision 
v. un 
چ‎ —— 


m, m. 
After collision 
Fig. 3.0 


When two tennis balls collide then, after collision, they will 
rebound with velocities less than the velocities before the 
impact. During this process, a portion of K.E is lost, partly 
due to friction as the molecules in the ball move past one 
another when the balls distort and partly due to its change 
into heat and sound energies. - 


Under certain special conditions no kinetic energy is lost in 
the collision. 


For example, when a hard ball is dropped onto a marble 
floor, it rebounds to very nearly the initial height. It looses 
negligible amount of energy in the collision with the floor. 


It в to be noted that momentum and total energy are 
conserved in all types of collisions. However, the K.E. is 
conserved only in elastic collisions. 


Elastic Collision in One Dimension 


Consider two smooth, non-rotating balls of masses т, and 
ma moving initially with velocities v; and v; respectively, in 
the same direction. They collide and after collision, they 
move along the same straight line without rotation. Let their 
velocities after the collision be v; and v; respectively, as 
shown in Fig. 3.9. 


We take the positive direction of the velocity and momentum 
to the right. By applying the law of conservation of 
momentum we have 


у Му + ms vs = т vi + ms Vs 
mv -vi)ems(va-va)h soune (3.14) 


As the collision is elastic, so the K.E is also conserved, 
From the conservation of K.E we have 


—mi FE —mavs*- —mv,** —msvs 
choi amir inde а 2 | 


ог m= у) = то fs = ут?) 
or Mint vi) (ve v) = me(vs*vs)(vi-va) .... — (3.15) 
Dividing equation 3.15 by 3.14 

(viet vi) = (wet vy гана (8:18) 
or (viva = (va Vs) - (vs - vi) | 


We note that, before collision (v, — v a) is the velocity of 
first ball relative to the second ball. Similarly (v1 = v3) is the 
velocity of the first ball relative to the second ball after 
collision. It means that relative velocities before and after 
the- collision has tha same magnitude but are reversed 
after the collision. In other words, the magnitude of relative 
' velocity of approach is equal to the magnitude of relative 
velocity of separation. 


In equations 3,14 and 3.16, m, ту, v, and vs are known 
quantities. We solve these equations to find the values of РСЧА 4i) 
v', and v'a which are unknown. The results are " 


ant. 
v= —- Р: 30 arsi 3-17 А 
ао уча. egg 


j m, m, 
"ES 2m, ds recs ihi PEE Ж. "et Before collision 
mom m, m. 

There. are some cases of special interest, which are 

discussed belaw: 

(i) When | т, = mM; view, vay, 

From equations 3.17 and 3.18 we find that ты тм 
у, Q Q 

and Vy v, as shownin Fig 3.10 m CMT 

(ii) When m, = mand v;- 0 Fig. MÛ 

In this case the mass m; be at rest, then v = Û the 

equations 3.17 and 3.18 give 
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After collision 
Fig, 3:43 


qm, sm. |" 2m 
y m SD ; из = E у; 
mtm; ; рту 


When 1 m= = m; then bail of mass пн ай collision will come 


the: same Veloci Ma arte m; was saa li intially 


(ili) When a light body collides with a massive body at rest 
In this case initial velocity vy= 0 and m >> fm. Under these 
conditions m, can be neglected as compared to ma. From 


, equations 3,17 and 3. 18 we have у= - и; and v; 0 


The result i& shown in Fig 3.12. This means that m, will 
bounce back with the same velocity while m will remain 
stationary. This fact is made used of by the squash player. 


(iv) When a massive body collides with light 
Stationary body  - ` 


In this case m, >> m; and v; = 0 so т; can be neglected in 
equations 3.17 and 3.18. This gives vy = vr and vy = 2 Vi. 
Thus after the collision, there is practically no change in the 
velocity of the massive body, but the lighter one bounces off 
in the forward direction with approximately twice the velocity 
of the incident body, ога Ti = 
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Example 3.5: А 1009 golf ball is moving to the right with 
a velocity of 20 ms". It makes a head on collision with an 
8kg steel ball, initially at rest. Compute velocities of the bails 
after collision. 


Solution: We know that 


“= да Bala ТТ, апа у> = SN Vy 
Mm, TH mj* ms 
Hence 
рч = 01Ю0-ВЕ8 290 ms?! =: 19.5 ms" 
0 Tkg * B kg 
E 22X0. 158 can ms's 0.5 ms" 
D 1kg B ka 


3.9 FORCE DUE TO WATER FLOW 


When water from a horizontal pipe strikes a wall normally, a 
force в exerted. on the wall. Suppose the water strikes the 
wall normally with velocity v and comes to rest on striking 
the wall, the change in velocity is then 0 — v = — v. From 
second law, the force equals the momentum change per 
second of water ЇЇ mass m of the water strikes the wall in 
time f than force F an the water is 


F=- n v =-mass per second к changein velocity... (3.19) 
From third law of motion, the reaction force exerted by the 
water on the wall is equal but opposite 

Hence, 


Fay j= "m y 
Г і 


Lio you know f 


If another cae crashes into back ol 


Paint to Ponder 


in thei, machine thi = 
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Thus force can be calculated from the product of mass of 
water striking normally per second and change in velocity. 
Suppose the water flows out from a pipe at 3 kgs" and its 
velocity changes from 5 ms" to zero on striking the ball, then, 


Force = 3 kgs x (5 mis! — 0) = 15kgms" = 15 N 


Example 3.6: A nose pipe ejects water at a speed of 
0.3 ms through a hole of area 50 cm? If the water strikes a 


ered йды apaapa sa eh peta assuming the 


y of the water normal to the wall is zero after striking. 

Solution: 

Indes E n 
the wall |- 0005 xoa m= 00015 n 


Мева poreooond анна tha wel = volume x density - 
7 0.0015 т? x 1000 кот? = 15kg 
Velocity change of water onstriking the wall- 0.3ms"- 0 = 0.3тв' 
Force = Momentum change per second ——— 
= 1.5 kgs x 03 ms” = 0.45 kgms? = 0.45 N 


There are many examples where momentum changes are 
produced by explosive forces within an isolated system 
For example, when a shell explodes in mid-air, its 
fragments fly off in different directions. The total 
momentum of all its fragments equals the initial momentum 
of the shell. Suppose a falling bomb explodes into two 
pieces as shown in Fig. 3.14. The momenta of the bomb 
fragments combine by vector addition equal to the original 
momentum of the falling bomb. 


Consider another example of bullet of mass m fired from a 
rifle of mass M with a velocity v. Initially, the total 
momentum of the bullet and rifle is zero. From the principle 
of conservation of linear momentum, when the bullet is 
fired, the total momentum of bullet and rifle still remains 
zero, since no external force has acted on them. Thus if v' 
is the velocity of the rifle then 
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тм (bullet) + Mv’ (rifle) = 0 


The momentum of the rifie is thus equal and opposite to. 
that of the bullet. Since mass of rifle is much greater than 
the bullet, it follows that the rifle moves back or recoils with 
only a fraction of the velocity of the bullet, 


Rockets move by expelling burning gas through engines al 
their rear. The ignited fuel tums to a high pressure gas 
which is expelled with extremely high valocity from the 
` rocket engines (Fig. 3,15), The rocket gains momentum 

equal to the momentum of the gas expelled from the engine 
but in opposite direction. The rocket engines continue to 
expel gases after the rocket has begun moving and hence 
rocket continues to gain more and more mamentum. So 
instead of travelling at steady speed the rocket gets faster 
and faster so long tha engines are operating. 


Arocket carries its own fuel in the form of à liquid or solid 
hydrogen and oxygen. It can, therefore work at great heights 
where very little or no air js present In order to provide enough 
upward thrust to overcome .gravily, a typical rocket 
consumes about 10000 kgs'' of fuel and ejects the burnt 
gases at speeds of over 4000 ms In fact, more than 
80% of the launch mass of a rocket consists of fuel only. 
One way to overcome the problem of mass of fuel is to 
make the rocket from several rockets linked together. 


When one rocket has done its job, it is discarded leaving 
others to carry the space craft further upat ever greater speed. 


If m is the mass of the gases ejected per second with velocity 
v relative to the rocket, the change in momentum per second 
of the ejecting gases is mv. This equals the thrust produced 
by the engine on the body of the rocket. So, the acceleration 
‘a’ of the racket is 
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Fig.3.16(2) 


where M is the mass of the rocket. When the fuel in the 
rocket is bumed and ejected, the mass M of rocket 
decreases and hence the acceleration increases - 


Uptill now we have been studying the motion of a particle 
along a straight line i.e. motion in one dimension. Now we 
consider the motion of a ball, when it is thrown horizontally 
from certain height. It is observed that the ball travels forward 
as well as falls downwards, until it strikes something. 
Suppose that the ball leaves the hand of the thrower at point 
A (Fig 3,16 a) and that its velocity at that instant is completely 
horizontal. Let this velocity be v,. According to Newton's first 
law of motion, there will be no acceleration in horizontal 
direction, unless a horizontally directed force acts on the ball. 
ignoring the air friction, only force acting on the ball during 
flight is the force of gravity. There is no horizontal force acting 
on it, So its horizontal velocity will remain unchanged and will 
be v,, until the ball hits something. The horizontal motion of 
ball is simple. The ball moves with constant horizontal 
velocity component. Hence horizontal distance x is given by 


a= Ve xt اا ووو‎ (3.22) 


The vertical motion of the ball is also not complicated, It 
will accelerate downward under the force of gravity and 
hence a = g. This vertical motion is the same as for a 
freely falling body. Since initial vertical velocity is zero, 
hence, vertical distance y, using Eq. 3.7, is given by 


кр. 
decia 


it is not necessary that an object should be thrown with 
some initial velocity in the horizontal direction, A football 
kicked off by a player; a ball thrown by a cricketer and a 
missile fired from a launching pad, all projected at some 
angles with the horizontal, are called projectiles. 


In such cases, the motion of a projectile can be studied 
easily by resolving. it into horizontal and vertical 
components which are independent of each other. 
Suppose that a projectile is fired in a direction angle 0 with 
the horizontal by velocity v, as shown in Fig. 3.16 (b). Let 
components of velocity v; along the horizontal and vertical 
directions be v, cos B and v, sin ürespectively. The horizontal 
acceleration Is a, = Û because we have negiected air 
resistance and no other force is acting along this direction 
whereas vertical acceleration a, =g. Hence, the horizontal 
component vs remains constant and at any time f, we have 


Vie = Vis = v cosü S444 eb eh ee (3.23) 


Now we consider the vertical motion. The initial vertical 
component of the velocity is visin8 in the upward direction. 
Using Eq. 3.5 the vertical component vy of the velocity at any 
instant f is given by 


Vy*wsinü-gl а. (324) 


The magnitude of velocity at any instant is 


We vr vg E n (3.25) 


The angle + which this resultant velocity makes with the 
horizontal can be found from 


tang = 2 


(3.26) 
m 


In projectile motion one may wish to determine the height 
to which the projectile rises, the time of flight and horizontal 
range. These are described below. 


Height of the Projectile 


In order to determine the maximum height the projectile 
attains, we use the equation of motion 


. 285-7 Ww -w 
As body moves upward, so a = - g, the initial vertical 


velocity v, = v, sind and уу = 0 because the body comes to 
rest after reaching the highest point. Since 
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S - height =h 


So -2gh* 0-vj'sin'8 
d ir vj sin^8 | a AT 
or h E REE (3.27) 


| Time of Flight 


The time taken by the body to cover the distance from the 
place of its projection to the place where it hits the ground 
at the same level is called the time of flight. 


This can be obtained by taking S = h = Û, because the 
body goes up and comes back to same level, thus 
covering no vertical distance. If the body is projecting with 
velocity v making angle à with a horizontal, then its vertical 
component will be v sine. Hence the equation is 


S=vt+ wot 

б = у; віп t— 4 gt 

qz 25,909 ORE ьа (3.28) 
g 


where t is the time of flight of the projectile when it is 
projected from the ground as shown in Fig. 3.16 (b). 


Range of the Projectile 


Maximum distance which a projectile covers in the 
horizontal direction is called the range of the projectile. 


To determine the range R of the projectile, we multiply the 
horizontal component of the velocity of projection with total 
time taken by the body after leaving the point of projection. 
Thus 


RSV xt using Eq. 3.28 
Ба V £080X2 v; sind 
vi 


Rz m &inü cost 
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But, 2 sin cos = sin2 6, thus the range of the projectile 

depends upon the velocity of projection and the angle of 
горе etit 7 i 

Therefore, R= “Can 2ө........ (3.29) 


For thé range R to be maximum, the factor sin20 should 
have maximum value which is 1 when 20-2 90° or p= 45° 


Application to Ballistic Missiles 


A ballistic flight is that in which a projectile is given an initial 
push and is then allowed to move frealy due to inertia and 
under the action of gravity. An un-powered and un-guided 
missile is called a ballistic missile and the path followed by 
it is called ballistic trajectory. | 


As discussed before, a ballistic missile moves іп а way that is | [ _DoYouKnow? | 


the result of the superposition of two independent motions: à | 
straight line inertial flight in the direction of the launch and a. ^ 
vertical gravity fall, By law of inertia, an object should sail 
straight off in the direction thrown, at constant speed equal to 
its initial speed particularly in empty space. But the downward 
force of gravity will alter straight path into a curved trajectory. 
For short ranges and flat Earth approximation, the trajectory 
is parabolic but the dragless ballistic trajectory for spherical 
Earth should actually be elliptical. At high speed and for long 
trajectories the air friction is not negligible and some times the 
force of air friction is more than gravity. It affects both 
horizontal as well as vertical motions. Therefore, it is 
completely unrealistic to neglect the aerodynamic forces. 


The shooting of a missile on a selected distant is a 
major element of warfare. It undergoes complicated 
motions due to air friction and wind etc. Consequently the 
angle of projection can not be found by the geometry of the 
situation at the moment of launching. The actual flights of 
missiles are worked out to high degrees of precision and г 
the result were contained in tabular form, The modified 
equation of trajectory is too complicated to be discussed 
here. The ballistic missiles are useful only for short ranges. 
For long ranges and greater precision, powered and 
remote control guided missiles are used. 
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3.7: A ball is thrown with a speed of 30 ms" 
in a direction 30° above the horizon. Determine the height 
to which it rises, the time of flight and the horizontal range. 


Solution: initially 
ук = и cos Û = 30 ms"xcos30°= 25.98 ms" 
vy = м sind = 30 ms'xsin30°=15 ms" 


ан. 
= 24) 20 sing 
g 
= ion | - _ 2xi5ms 
For Your Inf T ormatior | ‘= =3.1в 
Жыз “ШШШ | Sû TT 
v, sin’ В 
= otis 
Height h хи 
. pz (0 ms" x (0.5 
in the умен at air mes 2x8.8ms' 
trajectory af a h eee 
fall short of & tee he 115m 
Range R= sin 20 
(30 ms") x0.866 _ вд 
а ms J АНЫ .. abi 
зо D 9.8 тв? 


Example 3.8: In example 3.7 calculate the maximum 
range and the height reached by the ball if the angles of 


projection are (i) 45° (ii) 60°. 
Solution: 
(i) Using the equation for height and range we have 
. v sima | 
height A= Ute 
E zs 2x8.8ms"* 
hz23m 
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| » instantaneous acceleration is the acceleration at a particular instant of time: It is the 


value obtained from the average acceleration as time interval at is made smaller 


and smaller, E. 


a S 


‘The slope of velocity-time graph at any instant represents the instantaneous 


“The area between velocity-time graph and the time axis is numerically equal to the 


distance covered by the object. 


„ Freely falling Is a body moving under the influence of gravity alone. 


Acceleration due to gravity near the Earth surface is 9.8 ms* if air friction is ignored. 
Equations of uniformly accelerated motion are 


(1) w*v,*at j ч ig Pon. 
2 
Lil) S=v,t+ ; a (Iw) ue zv *2a8 
Newton's laws of motion 3 


1" Law: The velocity of an object will be constant if net force on it is zero. 
2™ Law: An object gains momentum in the direction of applied force, and the rate of 
change of momentum is proportional to the magnitude of the force, 

3" Law: When two objects interact, they exert equal and opposite force on each 
other for the same length of time, and so receive equal and opposite impulses, 

The momentum of an object is the product of its mass and velocity. 

The impulse provided by a force is the product of force and time for which it acts. It 
equals change in momentum of the object. 

For any Isolated system, the total momentum remains constant. The momentum of 

all bodies in a system add upto the same total momentum at all time. 

Elastic collisions conserve both momentum and kinetic energy. In inelastic collision, 

some of the energy is transferred by heating and dissipative forces such as friction, 

air resistance and viscosity, so increasing the internal energy of nearby objects. 


Projectile motion is the motion of paffficle that is thrown with an initial velocity and then 
moves under the action of gravity. 
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3.1 


32 
3.3 


3.4 


3.5 


3.6 


3.11 


3.12 


What is the difference between uniform and variable velocity? From the 


explanation of variable velocity, define acceleration. Give SI units of velocity and 
acceleration. 

An object is thrown vertically upward. Discuss the sign of acceleration due lo 
gravity, relative to velocity, while the object is in air. 

Can the velacity of an object reverse the direction when acceleration is constant? 
If so, give an example. 

Specify the correct statements: 

a. An object сап have a constant velocity even its speed is changing. 

b. Anobject can have a constant speed even its velocity is changing. 

c. Anobject can have a zero velocity even its acceleration is not zero. 

d. Anobject subjected to a constant acceleration can reverse its velocity. 

A man standing on the top of a tower throws а ball straight up with initial 

velocity v, and at the same time throws a second ball straight downward with the 

same speed, Which ball will have larger speed when it strikes the ground? Ignore 


air friction. 
Explain the circumstances in which the velocity v and acceleration a of a car are 


(i) Parallel (1) Anti-parallel (iil) Perpendicular to one another 
(vivis zero but a is not zero. (viais zero but vis not zero 

Motion with constant velocity is a special case of motion with constant acceleration. 
15 this statement true? Discuss. 
Find the change in momentum for an object subjected to a given force for a given 
time and state law of motion in terms of momentum. p: 

Define impulse and show that how it is related to linear momentum? 


State the law of conservation of linear momentum, painting out the importance of 


Isolated system. Explain, why under certain conditions, the law is useful even 
though the system is not completely isolated? 
Explain the difference between elastic and Inelastic collisions. Explain how would 


а bouncing ball behave in each case? Give plausible reasons for tha fact that К.Е 


is not conserved in most cases? 
Explain what is meant by projectile motion. Derive expressions for 
a. the time of flight b. the range af projectile. 


Show that the range of projectile is maximum when projectile is thrown at an 
angle of 45* with the harizontal. 


3.13 А! what point or points in its path does а projectile have its minimum speed, its 


maximum speed? 
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3.14 


3.1 


3.2 


3.3 


Each of the following questions is followed by four answers, one of which is. 
correct answer. Identify that answer. : 


|. What is meant by a ballistic trajectory? 
а. The paths followed by an un-powered and unguided projectile. 
b. The path followed by the powered and unguided projectile. 
C. The path followed by un-powered but guided projectile. 
d. The-path followed by powered and guided projectile. 
j. What happens when a system of two bodies undergoes an elastic collision? 
The momentum of the system changes. 
The momentum of the system does not change. 
The bodies come to rest after collision. 
The energy conservation law is violated. 


A helicopter is ascending vertically at the rate of 19.6 ms", When itis 


at a height of 156.8 m above the ground, a stone is dropped. How long does the 
stone take to reach the ground? 


о кр 


({Ап5:8.05) 
Using the following data, draw a velocity-time graph for a short journey on a 
straight road of a motorbike. 5. 


[time ) (0 | æ 


Use the graph to calculate 
(a) the initial acceleration 


(b) the final acceleration and 


(c) the total distance travelled by the motorcyclist. 


[Ans:(a) 0.33 ms"(b)-0.67ms* (c) 2.7k m] 


A proton moving with speed of 1.0 x 10’ ms" passes through а0.020 cm thick 
sheet of paper and emerges with a speed of 2.0 x 10° ms". Assuming uniform 
deceleration, find retardation and time taken to pass through the paper. 


(Ans:- 2.4 x 10" ms* ,3.3x 10 s) 
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3.4 


3.5 


3.6 


3.7 


3.8 


3.8 


3.10 


Two masses m, and ть are initially at rest with a spring compressed between 
them. What is the ratio of the La ی وک‎ adi R 
been released? 
(Ans: <1 = 72.) 
з m 
An amoeba of mass 1.0 X 10" kg propels itself through water by blowing a jet of 
pein ins d а tiny orifice, The amoeba ejects water with a speed of 
1.0x10 ms and at a rate of 1.0 x 10 kgs". Assume that the water is being 
continuously replenished so that the mass of the amoeba remains the same. 
а. |f there were no force on amoeba other than the reaction force caused by 
the emerging jet, what would be the acceleration of the amoeba? 
b. M amoeba moves with constant velocity through water, what is force of 
surrounding water (exclusively of jet) on the amoeba? 
[Ans:(8) 1.0x 10° те? (D) 1.0 x 10" N] 


A boy places a fire cracker of negligible mass in an empty can of 40 g mass. He 
plugs the end with a wooden block of mass 200 g. After igniting the firecracker, he 
throws the can straight up, it explodes at the top of its path, If the block shoots out 
with а speed of 3.0 ms", how fast will the can be going? 


(Ans: 15 ms”) 
An electron ( m=9,1 x 10" kg) travelling at 2.0 x 10’ ms* undergoes a head on. 
collision with a hydrogen atom (m =1.67 x 10°" kg) which is initially at rest. 


Assuming the collision lo be perfectly elastic and a motion to be along a straight 
line, find the velocity of hydrogen atom. 


(Ans: 2.2 х 10* ms") 
A truck weighing 2500 kg and moving with a velocity of 21 ms’ collides with 


stationary car weighing 1000 kg. The truck and the car move together after the 
impact. Calculate their common velocity, 


(Ans: 15 ms”) 
Two blocks of masses 2.0 kg and 0,50 kg are attached at the two ends of a 


compressed spring. The elastic potential energy stored In the spring is 10 J. Find the 
velocities of the blocks if the spring delivers its energy to the blocks when released. 


(Ans: 1.4 ms”, -5.6 ms") 


A foot ball is thrown upward with an angle of 30° with respect to the horizontal. 
To-throw a 40 m pass what must be tha initial speed of the ball? 


(Ans: 21ms") 
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3. 


3.12 


3.13 


3.14 


3.15 


А ball is thrown horizontally from a height of 10 m with velocity of 21 ms": How 
far aff it hit the-ground and with what velocity? 


(Ans:30m,25 ms") 
A bomber dropped a bomb at a height of 490 m when its velocity along the 
horizontal was 300 kmh’. ' 
(a) How long was it in air? 
(b) At what distance from the point vertically below the bomber at the instant the 


Find the angle of projection of a projectile for which its maximum height and 
horizontal range are equal. (Ans: 76°) 


Prove that for angles of projection, which exceed or fall short of 45° by equal 
amounts, the ranges are equal, 


A SLBM (submarine launched ballistic missile) is fired from a distance of 3000km, 
If the Earthis considered flat and theangle of launchis 45° with horizontal, find the 
velocity with which the missile is fired and the time taken by SLBM to hit the 


target. 
(Ans: 5.42 kms 13 min) 


76 


“Chapter 


Learning Objectives 
At the end of this chapter the students will beable to: 


1 


№ 


oO 4 кит d» t9 


Lee Она а Бө ы 
Чиа LEE RES 


gravitational field near Earth's аве. 
panê oa E ee ы. 
Relate power to work done. 

Define power as the praduct of force and velocity, 

Quote examples of power from everyday life. 

Explain the two types of machanical energy. 

Understand the work-energy principle. 

Derive an expression for absolute potential energy. 


. Define escape velocity. 2 
. Understand that in a resistive medium loss of potential energy of a body is equal 


to gain in kinetic anergy of the body plus work done by the body against friction. 


12. Give examples of conservation of energies from everyday life. 
. Describe some non-conventional sources of energy, 


a ee In Physics, however, the term 


work involves two things (i) force (ii) displacement. We shall begin with a simple situation in 
which work is done by a constant force, 


Let us consider an object which is being pulled by a constant force F at an angle В to the 
direction of motion, The force displaces the object from position A to B through a 
displacement d (Fig. 4.1). 


We define work W done by the force F as the scalar 


E product of F and d. 
A d : HAE W= Fd = Fd cos ü LLELILILIIM (4.1) 4 
——— = (F cosi) d 
Fig. 4-1 


—- The quantity (F cas) is the component of the force in the 
direction of the ains Re ea 


Can you tall how much work is being done? 


(1) On the pail when а person holding the pail by the 
force F is moving forward (Fig. 42а). + 


(i) On the wall (Fig. 4.2 bj? 


When 2 constant force acts through a distance d, the event 
can be plotted on a simple graph (Fig. 4.3). The distance is 
normally plotted along x-axis and the force along y-axis. In 
this case as the force does not vary, the graph will be a 
horizontal straight line. If the constant force F (newton) and 
the displacementd (metre) are in the same direction then the 
work done is Fd (joule), Clearly shaded area in Fig. 4.3 is 
also Fd. Hence the area under a force- displacement curve 
can be taken to represent the work done by the force, In case 
the force F is not in the direction of displacement, the graph is 
Fig- 43) plotted between F cost and d. 


` From the definition of work, we find that: 
(1) Work is a scalar quantity. 


üy If @ < 90°, work is done and it is said to be positive 
work. 


(ii) 10 = 90", no work is done. 
(iv) fû > 90°, the work done is sald to be negative. 
(v) Slunitof work is М m known as joule (J), 


Fig. 43 In many cases the force does not remain constant during 
the process of doing work. For example, as a rocket moves 


TE 


away from the Earth, work is done against the force of 
gravity, which varies as the inverse square of the distance 
from the Earth's centre. Similarly, the force exerted by a 
spring increases with the amount of stretch. How can we 
calculate the work done in such a situation? 


Fig. 4.4 shows the path of a particle in the x-y plane as it 
moves from point a to point b. The path has been divided into 
n short intervals of displacements Adı, Ada, ......., Ad, and 
Fa, ЕТ Р. are the forces acting during these intervals. 


During each small interval, the force is supposed to Бе. 
approximately constant. So the work done for the first 
interval can then be written as 


AW, =F, Ad, = Е, cost AC, 
and in the second interval 
AW, = F3. Ad;= Р, cos d; 


and so on. The total work done in moving the object can 
be calculated by adding all these terms. 


Wig; = AW, + АЙё+........+ AW, 
= Fos, Adit Fs cos0: Adst......+ Б, cost, d, 


We can examine this graphically by plotting E cosh; 
verses das shown in Fig. 4.5, The displacement d has. 
been subdivided into n equal intervals, The value of 
F cosi at the beginning of each interval is indicated in, 
the figure. ` | 


‘Now’ the: ith shaded rectangle has an area Fı cost, ^d, 
which is the work done during the ith interval. Thus, the 
work done given by Eq. 4.2 equals the sum of the areas of 
all the rectangles. If we subdivide the distance into a large 
number of intervals so that each Ad becomes very small, 
the work done given by Eq. 4.2 becomes more accurate. If 
we lat each Ad to approach zero then we obtain an exact 
result for the work done, such as 


Wes Limit E ÈA costi Ad, err enn (43) 
In this limit ^d approaches zero, the total area of the rectangles 
(Fig. 4.5) approaches the area between the F cose curve and 
. d-axis from a to b as shown shaded in Fig. 4.6. 


Thus, the work done by a variable force in moving a particle 
between two points is equal to the area under the F cos о 
verses d curve between tha two points a and b as shown in 
| le: 4.6, 


The space around the Earth in which its gravitational force 
acts on a body is called the gravitational field. When an 
object is moved in the gravitational field, the work is done by 
the gravitational force. If displacement is in the direction of 
gravitational force, the work is positive. If the displacement 
is against the gravitational force, the work is negative. 


Let us consider an object of mass m being displaced with 
constant velocity from point A to B along various paths in 
the presence of a gravitational force (Fig. 4.8), In this case 
the gravitational force is equal to the weight mg of the 
object. 


at) 


The work done by the gravitational | force along the path 
ADB can be split into two parts. The work dene along AD is 
zero, because the weight mg ls perpen to this th, 


the work done along DB is (-mgh) because the n of 
mg.is opposite. t of the displacement ie. 8 = 180°. 
Hence, the work done in displacing а body from A to B 


through path 1i5 ` 
Waca = 0 + (- mgh) = - mgh 


If we consider the path ACB, the work done along AC is 
also (-mgh) Since the work done along CB is zero, 
therefore, 


Waca =- mgh + 0 = - mgh 
Let us now consider path 3, i.e. a curved опе. Imagine the > 


curved path, to be broken down into a series of horizontal ay B 

and vertical steps as shown in Fig. 4.9, There is no work = ee Г | 

donê along the horizontal steps, because mg is ges ES 

perpendicular to the displacement for these steps. Work is j ا‎ d h 

done by the force of gravity only along the vertical Дн 

displacements. дуу 4 

qme 

Wa = MALAVI * Ау» FAY e e Ayn) Fig 1% 

аз (AY) + Ау» +Ауу + ب‎ + Ay) =A neat pi 


Непсе, Was = = mgh 
The net amount of work done along AB path is still (amgh). 
We conclude from the above discussion that 


Can you prove that the work done along a closed path 
such as ACBA or ADBA (Fig. 4.8), in a gravitational field is 
zero? 


The frictional force is a non-conservative force, because if 
an abject is moved over a rough surface between two 
points along different paths, the work done against the 
frictional force certainly depends on the path followed. 


In the definition of work, it is not clear, whether the same 
‘amount of work is done in one second or in one hour. The 
rate, at which work is done, is often of interest in practical 


applications. 


If work AW is done in a time interval ^ f, then the average 
power Р, during the interval At is defined as i 


if work is expressed as a’ function of time, the 
instantaneous power P at any instant is defined as 


My ы Є NET 39. 
' | >> АА 
j „Мз: d Aree 
Ty * Е EMT Tih ale 
^ 3 , 


Where AW is the work done in short interval of time Af 
following the instant £ 


AM 


PROS AL 


we know AWsF.Ad 
= Limit F.^d 
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Sometimes, for example, in the electrical measurements, the 
unit of work is expressed as watt second. However, a 
commercial unit of electrical energy is kilowatt-hour. 


One kilowatt hour is the work done in one hour by an 
agency whose power is one Кідман. 


Therefore, 1 kWh = 1000 W x 3600 s. 
or 4 kWhz 3.6 x105J-36MJ 


Energy of a body is its capacity to do work. There are two 
basic forms of energy. 


(I) | Kinatic eneray (Н) Potential 


The kinetic energy is possessed by a body due to its 
motion and is given by the formula 


KE. sim а СЫЙ) 


j where m is the mass of the body moving with velocity v. 


F The potential energy ls possessed by а body because of 
1 its position in a force field e.g. gravitational field or because 
of its constrained state. The potential energy due to 


gravitational field near the surface of the Earth at a height 
his given by the formula 


This is called gravitational potential energy. The 
gravitational PE, is always determined relative to some 
arbitrary position which is assigned the value of zero РЕ. ° 
In the present case, this reference level is the surface of ` 
the Earth as position of zero P.E. In some cases a point at 
infinity from the Earth can also be chosen as zero reference 
level, | | 


The energy stored in a compressed spring is the potential 
energy possessed by the spring due to its compressed or 
stretched state. This form of energy is called the elastic 
potential energy. 


Vwork-cnergy Principle 


Whenever work is done on a body, it increases its energy. 
For example a body of mass m is moving with velocity v. A 
force F acting through a distance d increases the velocity 


to va than from equation of motion 
2ad = i vi 
From second law of motion | 


Multiplying équations 4.9 and 4.10, we have 


1 1 
Fd = miv - v] 


where the left hand side of the above equation gives the 
work done on the body and right hand side gives the. 
increase or change in kinetic energy of the body. Thus 

M . 


This is known as hen principle. If a body is raised 
up from the Earth's surface, the work done changes the 
gravitational potential energy. Similarly, if a spring is 
compressed, the work done on it equals the increase in its 
elastic potential energy. 


The absolute gravitational potential energy of an object at 
a certain position is the work done by the gravitational 
force in displacing the object from that position to infinity 
where tha force of gravity becomes zero. Tha relation for 
the calculation of the work done by the gravitational force 
ar potential energy = mgh, is true only near the surface of 
the Earth where the gravitational force i$ nearly constant. 
But if the body is displaced through a large distance in 
space from, let, point 1 to N (Fig. 4.10) in the gravitational 
field, then the gravitational force will not remain constant, 
since It varies inversely to the square of the distance. 


In order to overcome this difficulty, we divide the distance 
between points 1 and N into small steps each of length Ar 
so that the value of the force remains constant for each 
“small step. Hence, the total work done can be calculated 
by adding the work done during all these steps. IfA and ғ 
are the distances of points 1 and 2 respectively, from the 
centre O of-the Earth (Fig. 4.10.), the work done during 
the first step Le., displacing a body from point 1 to point 2 


Fig. 4.10 


can be calculated as below. Dart 
The distance between the centre of this step and the 
centre of the Earth will ba 
= fetta 
Lu p 
if f;-r,sAr X then =f HAF 
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OF Wi-»5 =-GMm Ё ы 3 
- 1 F fs 


Similarly the work done during the second step in which 
the body is displaced from point 2 to 3 is 


Ws =- Смт е 
Re 9 
and the work бопе in the last step is 
Wy. rey, =- GMm р > 
ict fiw 


Hence, the total work done In displacing a body from point 1 
to N is calculated by adding up the work done during all 
these steps. 


=-G Mol 2-2 Еа ү! : 2 
fr ә Jg. dy ЧЕ N 


Wu =- GMM [Г-У 
Fi LE 


If the point М isssituated at an infinite distance from the 
Earth, яо 


[a = == “ then Bie 


Hence, Was - 


fie 
Therefore, the general expression for the. gravitational 
potential energy of a body situated at distance г from the 
centre af Earth is 


z 5m 
Г 


u 


This is also known as the absolute value of gravitational 
potential anergy of a body at a distance r from the centre 
of the Earth. 
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Noté that when rincreases, U becomes less negative i.e.. U 
increases. It méans when we raise a body above the surface 
ofthe Earthits PE, increases. The choice of zero point is 
'arbitrarylamd оу the difference of P.E. From one point to 
another is-significant, wether we consider the. surface of 
the Earth or the point at infinity as zero PE. reference, the 
change in P.E. as we move a body above the surface of the. 
Earth, will always be positive. - 


Now the absolute potential energy on the surface of the 
Earth is found by putting r=R шна of the Earth) 


The negative sign shows that the Earth's: gravitational field 
for mass m is attractive, The above expression gives the 
work or the energy required to take the body out of the 
Earth's gravitational field, where its potential energy with 
, respect ta Earth is zero. 


Escape Velo city 


It is our daily life experience that an object projected upward 
comes back to the ground after rising to a certain height. 
This is due to the force of gravity acting downward. With 
increased initial velocity, the object rises to the greater 
height before coming back. If we go on Increasing the initial 
velocity of the object, a stage comes when it will not retum 
to the ground, It will escape out of the influence of gravity. 
The initial velocity of an object with which it goes out of the 
Earth's gravitational field, is known as escapa velocity, 


The escape velocity corresponds to the initial kinetic 
energy gained by the body, which carries it to an infinite 
distance from the surface of Earth. 


Initial КЕ, = zm. 


We know that the work done in lifting a body from Earth's 
surface to an infinite distance is eguei їс the increase in 
its potential energy 
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Incerase In FE. = 0-8 y. a Мт 


where M and А are the mass and radius of the Earth 
respectively. The body will escape out of the gravitational 
field if the initial KE ofthe body is equal to the increase 
in Р.Е, of the body in lifting it up to infinity. Then 


The value of Vass comes out to be approximately 11 кте: 


Consider a bod of mass п at rest, al a height h above the 
surface of the Earth as shown in Fig. 4.11, At position. 
A, the body has РЕ, = mgh and KE. = 0. We release the: 
body and as it falls, we can examine how kinetic and 
patential energies associated with it interchange. 


Let us calculate PE. and’ KE. at position B when the 
body has fallen through a distance x, ignoring air friction, 


РЕ. = mg [h х) 
and KE.- zm 
Velocity va, at B, can be calculated from the relation, 
" v? = vi + 205 
үк, v-0 : S-Xx 


va 20*29x-2gx. 


#9 


КЕ. = jm (29x) = тох 


Total energy at B = РЕ. + КЕ, 


At position С, just before the body strikes the Earth, PE. = 0 
and KE. = 2 ту where ve can be found out by the 


following expression. 
ves vy + 2gh z2gh as vi - 0 
ie. КЕ. = тус? = m x 2gh = mah 


Thus at point C, kinetic energy is equal to the original value 
of the potential energy of the body. Actually when a body 
falls, its velocity increases |.e., the body is being accelerated 
under the action of gravity. The increase in velocity results 
in the increase in its kinetic energy. On the other hand, as 
the body falls, its height decreases and hence, its potential 
energy also decreases. Thus we see (Fig. 4.12) that, 


Loss in PE. = Gain in К.Е, 


Where vy and v; are velocities of the body at heights A, 
Жэ and ha respectively. This result is true only when frictional 
Fig. 4.12 force is not considered. 


If we assume that a frictional force f is present during the 
downward motion, then a part of P.E. is used in doing work 
against friction equal to fh. The remaining РЕ. = mgh -fh 
is converted into K.E. 


Hence, mgh-the = mé “ee 
Thus, 


Loss in P.E. = Gain in К.Е. + Work done against friction. 
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These are the energy sources which are not very common 
these days. However, it is expected that these sources 


will contribute substantially to the energy demand of the 
future. Some of these are introduced briefly here. 


Water куй! axjualizud. Ener у trom Ilges 


Опе very novel example of obtaining energy from 
gravitational field Is the energy obtained. from tides. 
| (Gravitational force of the moon gives rise to tides in the 
| sea. The tides raise the water in the sea roughly twice a 
Low ide —— | day. If the water at the high tide is trapped in à basin by 
MCA EN wire wanes, constructing a dam, then it is possible to use this as a 
, source of energy. The dam is filled at high tide and water is 
released in a controlled way at low tide to drive the 
turbines. At tha next high tide the dam is fillad again and 
the in rushing water also drives turbines and generates 
electricity as shown systematically in the Fig. 4.13. 


Energy from Waves 


The tidal movement and the winds blowing across the 
surface of the ocean produce strong water waves, Their 
energy can be utilized to generate electricity, A method of 
hamessing wave energy is to use large floats which move up 
Mühle e and down with the waves. One such device invented by 
Water is allowed to flow back Professor Salter is known Salter's duck (Fig. 4.14). It consists 
кап the basin, driving turbines of two parts (i) Duck float. (ii) Balance float. 
Fig, 4.13 


Fig. 4.14 


The wave energy makes duck float move relative to the 
balance float. The relative motion of the duck float is then 
used to run electricity generators. 
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The Earth receives huge amount of energy directly from 
the- Sun each day. Solar energy al normal incidence 
outside the Earth's atmosphere is about 1.4 kW which 
is referred as solar constant. While passing through the 
atmosphere, the total energy is reduced due to reflection, 
scattering and absorption by dust particles, water vapours 
and other gases, On a clear day at noon, the intensity of 
solar ehergy reaching the Earth's surface is about 1kWrm *. 


This energy can be used directly to heat water with the help — 


of large solar reflectors and thermal absorbers. ll can also 
be converted to electricity, In one method the flat plate 
collectors are used for heating water. A typical collector is 
shown in Fig. 4.15 (a). lt has a blackened surface which 


absorbs energy directly from solar radiation. Cold water — 


passes over the surface and is heated upto about 70°C, 


Much higher temperature can be achieved by 
concentrating solar radiation on to a small surface area by 
using huge reflectors (mirrors) or lenses to produced 
steam for running а turbine. 


The other method is the direct conversion of sunlight into 
electricity through the use of semi conductor devices called 
solar cells also known as photo voltaic cells. Solar cells are 
thin wafers made from silicon. Electrons in the silicon gain 
energy from sunlight to create a voltage. The voltage 
produced by a single voltaic cell is very low. In order to get 
sufficient high voltage for practical use, a large number of 
such calls are connected in series forming a solar cell panel. 


For cloudy days or nights, electric energy can be stored 
during the Sun light in Nickel cadmium batteries by 
connecting them to solar panels. These batteries can then 
provide power to electrical appliances at nights or on 
cloudy days. 


Solar calls, although, are expensive but lasta long time and 
have low running cost. Solar cells are used lo power 
satellites having large solar panels which are kept facing the 
Sun (Fig. 4.15 b). Other examples of the use of solar cells 
are rémote ground based weather stations and rain forest 


communication systems. Solar calculators and watches are ` 


also іп use now-a-days. 


Fig. 4.1545) 


T 


For your information 

The rapid, growth. af. human 
population has pul a strain on our 
nalura! resources. A sustainable 
society minimizes waste ond 
maximizes tha benefit from mach 
resource. Minimizing the use of 
energy is an other method of 
conservation We can save energy by, 


(0 “з of lights and electrical 


when nol in ug. 
(iii ‘ali fluorescent bulbs instead 
et сап: bulbs 


(ill) using sunlight in offices, 
commercial centers and 
houses during daylight hours 

(iv) Taking short hot shawers. 


Fig. 4.16 


Do you know 7 


a5 alternative forms of energy, 


Energy From Biomass 
Biomass iè a potential source of renewable energy. This 
includes all the organic materials such as crop residue, 
natural vegetation, trees, animal dung and sewage. Biomass. 
energy or bio conversion refers to the usa of this material as 
fuel or its conversion into fuels. 


There are many methods used for the. conversion of 
biomass Into fuels. But the most common are 


1. Direct combustion 2. Farmantation 


Direct combustion method is usually applied to get energy 
from waste products commonly known as solid waste. It 
will be discussed in the next section. 


Biofuel such as ethanol (alcohol) is a replacement af 
gasoline. It is obtained by fermentation of biomass using 
enzymes and by decomposition through bacteria! action in 
the absence of air (oxygen). 


The rotting of biomass in a closed tank called a digester 
produces Biogas which can be piped out to use for cooking 
and heating (Fig. 4.16). 


The waste material of the process is a good organic 
fertilizer, Thus, production of biogas provides us energy 
source and also solves the problem of organic waste 
disposal. 


Energy from Waste Products 


Waste products like wood waste. crop residue, and 
particularly municipal solid waste can be used to get 
energy by direct combustion. It is probably the most 
commonly used conversion process in which waste 
material is burnt in a confined container. Heat produced in 
this way is directly utilized in-the boiler to produce steam 
that can run turbine generator. 


Geéotnermal Energy 


This is the heal energy extracted from inside the Earth in 
the form of hot water or steam. Heat within the Earth is 
genarated by the following processes. 


a 


1. Radioactive Decay 


The energy, heating the rocks, is constantly being released 
by the decay of radioactive elements. — ES qu, 
- 2. Residual Heat of the Earth 

At some places hot igneous rocks, usually within 10 km of 
the Earth's surface, are іп a molten and partly molten state, 
They conduct heat energy from the Earth's interior which is 
still very hot. The temperature of these rocks is about 
200°C or more. 


3. Compression of Material 


The compression of material deep inside the Earth also 
causes generation of heat energy. 


In some place water beneath the ground is in contact with 
hot rocks and is raised to high temperature and pressure. It 
comes to the surface as hot springs, geysers, or steam 
vents. The steam can be directed to turn turbines of 
electric generators. 


At places water is not present and hot rocks are not very 
deep, the water is pumped down through them to get 
steam (Fig. 4.17). The steam then can be used to drive 
turbines or for direct heating. 


An interesting phenomenon of geothermal energy is а 
geyser, Itis a hot spring that discharges steam and hot water, 
intermittently releasing an explosive column into the air (Fig. 
4.18), Most geysers erupt at irregular intervals. They usually 
occur in volcanic regions, Extraction of geothermal heat 
energy often occurs closer to geyser sights. This extraction 
seriously disturbs geyser system by reducing heat flaw and 
aquifer pressure. Aquifer is a layer of rock holding water that 
allows water to percolate through it with pressure. 


Li 
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Won eade By ie arabia Worcs Е coii pted y BIER. Wha Haw S vay Т 
Sore арттан: ‘and then taking the sum of works done for all such intervals, 


w= XR casti, Ad, 


Graphically, the work done by a variable force in moving a particle between two 
RENS susto dno зиз иша cobi унга о оша BEE BES не 


| When an oues e moved nthe gravitational fed of the Бал), he wok e dene by 
the gravitational force. The work done in the Earth' field 15 in 

of the path followed, and the work done along a closed path is zero. Such a force. 
field Is called а conservative field, 


уа e PRMD за NON Bod ib xpressed 


= —— or P= Fv 
Energy of a body үп сарзду to do work. The Kinelic energy is the energy possessed 
by а body dus to Its motion 
The potential energy 15 possessed by a body because of its position In a force field. 
The absolute PE of a body on the surface of Earth is 


Ша Se 
x R 


The initial velocity of a body with which it should be projected upward so that it does not 
come back, is called escape velocity. 


Vene = (EM = уган 
Some of the non conventional energy sources are 
1. Energy from the tides Energy from waves 
Solar energy Energy from blomass 


5. Energy from waste products. Geothermal energy 


i 
$ 
r 
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4.9 


4.10 


4.1 
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A person baie а bag: E wie standin 006. talking to a friend. A car is 
stationary with its engine running. From the stand point of work, how are these two 
situations similar? 


Calculate the work done in kilo joules in lifting a mass of 10 kg (at a steady 


velocity) through a vertical height of 10 m. 


A force F acts through a distance L. The force is then increased to 3 F, and then &cts 
through a further distance of 2 L. Draw the work diagram to scale. 


In which case is more work done? When a 50 kg bag of books is lifted through 50 cm, 
or when a 50 kg crate is pushed through 2m across the floor with a force of 50 М? 


An object has 1 J of potential energy. Explain what does it mean? 


А ball of mass m is held at a height f, above a table. The table top is at a height h; 
above the floor. One student says that the ball has potential energy mgħ but 
another says that it is mg (h, + h;). Who Is correct? 


When a rocket re-enters the atmosphere, its nose cone becomes very hot. Where 
does this heat energy come from? 


What sort of energy is in the following: 

a) Compressed spring 

b) Water In a high dam 

c) A moving car 
A girl drops a cup from a certain height, which breaks into pleces. What energy 
changes are involved? 
A boy uses a catapult to throw a stone which accidentally smashes a green house 
window, List the possible energy changes. 


A man pushes a lawn mower with a 40 N force directed at an angle of 20° 
downward from the horizontal. Find the work done by the man as he cuts a strip of 
grass 20 m long. 


(Ans: 7.5 x 10° J) 


A rain drop (m = 3.35 x10^ kg) falls vertically at a constant speed under the influence 
of the forces of gravity and friction. In falling through 100 m, how much work is done by 
(а) gravity апд  (b)friclion. 


[Ans: (a) 0.0328 J (p) – 0.0328 J 
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43 


44 


45 


4.6 


4.7 


A.B 


4.9 


Ten bricks, each 6.0 cm thick and mass 1.5 kg, lie flat on a table.How much work is 


‘required to stack them one on the top of another? 


(Ans: 40 J) 


А саг of mass 800 kg travelling at 54 kmh” is brought to rest in 60 metres. Find the 
average retarding force on the car, What has happened to original kinetic energy? 


(Ans: 1500 N) 
A 1000 kg automobile at the top of an incline 10 metre high and 100 m long is 


released and rolls down the hill. What is its speed at the bottom of the incline if the 
average retarding force due to friction is 480 N? (Ans; 10 ms") 


100 т? of water is pumped from a reservoir into a tank, 10 m higher than the 
reservoir, in 20 minutes. If density of water is 1000 kg m, find 
(a) the increase in P.E. 
(b) the power delivered by the pump. 
[Ans: (a) 8.8 x 10* J (b) 8.2 kW] 


A force (thrust) af 400 N is required to overcome road friction and air resistance in 
propelling an automobile at 80 kmh". What power (KW) must the engine develop? 


(Ans: 8.8 kW) 


How large a farce is required to accelerate an electron (т = 9.1 x 10" kg) from 
rest to a speed of 2.0x10'ms" through a distance of 5.0 cm? 


(Ans: 3.6 x 107^ N) 


A diver weighing 750 N dives from a board 10 m above the surface of a pool of water. 
Use the conservation of mechanical energy to find his speed at a point 5.0 m above 
the water surface, neglecting air friction. 


(Ans: 9.9 ms?) 


‚ Achild starts from rest at the top ofa slide of height 4.0 m.(a) What is his speed at. 


the bottom if the slide is frictionless? (b) if he reaches the bottom, with a speed of 
6 ms”, what percentage of his total energy at the top of the slide is lost as a result 
of friction? — ' 


[Ans: (a) 8,8 ms" (b) 54%] 
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Chapter 5 
| CICULARMOTON 


Learning Objectives 
At the end of fis chapter the students will be able t5; 


Describe angular motion, 

Define angular displacement, angular velocity and angular acceleration, 

Define radian and core an angle frorm айап measure In degree arid vice varsa, 
Use the equation = Вало v ru, 


Describe qualitalively motion wa curved path due to a perpendicular force and 
understand the centripetal acceleration in case of uniform motion in a circle. 


Derive the equation à; = ru! = rand Е, = mw! r= avr 

Understand and describi moment of Inertia of s body 

Understand the concept of angular momentum. 

Describu examples of consarvation of angulsir momentum. 
Understarid- and express rotational kinetic eneigy of a disc and а hoop оп an 


Understand that the objects In satellites appear to be weightless, 
Underiand that how ancbowhy anificini graviby ms producen. 

Calculate the. radius of gec-statonary orbits and orbital velocity of satellites. 
Describe Newton's and Ematzin's views af gravitation, 


| Y 
W. have studied velocity, acceleration and the laws of moban, mostly an They are 


involved in rectilinear molhar- However, many objects move in circular palhs and their 

direction lè continually changing. Since йты is ã vector quantity, this change of direction 

means that their velocities are nol constant. A stone whirled around by a string, a cac turning 

EN Exe orbita around the Earth are all exemples of this kind of 
оп 


9g 


In this chapter we. will study, circular motion, rotational 
motion, moment of inertia, angular momentum and the 
netted topics. 


Consider the mation of a single particle P of mass m in в 
circular path of radius r. Suppose this motion ts taking place 
by attaching the ратка P at the end af a massless rigid rod 
uf length f whose other end la pivoted at the cantre О of the 
circular path. as shown in Fig, 5.1 (а). As the particle is 
mowing on the circular path, the rod OP rotates in the plana 
of the circa. The axis of rotation passes through the pivot О 
and is normal to the plane of rotation. Consider в system of 
axes as shown in Fig. 5.1 (b). The z-axis ів Taken along tha 
axis of rotation with the pivot û as origin of coordinates: 
Axes x and y ага taken in the plane of rotation. While OF is 
rotating. suppose at any instant f; its position 19 OP), making 
angle B with x-axis. AL latar lima f+ At let dis position be 
OP; making angie D Ай with x-axis (Fig. 516]. 


The angular displacement АП is assigned a positive sign 
when the sense of rotation of OP is counter clock wise, 


The direction associated with A ds along ihe axis of 
тошоп and тв given by righthand rule which states that 


Three. units e generaly used іо. express angular 
displacement, namely degrees, revolution and radian, We 
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aro already familiar with the first-two. As regards radian 
which is 51 unit, consider ar arc of length E ol а elicie et 
radies г {Fig 5.2) which Sublends an angle iat the centre 
of the circle. Its value in radians (red; is given is 


"ELS 


radium = 


РОР оа. expressae 
ana revolution af £. In radian & would be 


S iW у. 
f г 
So 1 revolutión =? n rad = 35/0" 
Or trade 280 „уз? 
an 


The instantaneous angular velocity ао is the limit of the 
ЕНЕНЕ ВВА la ЕЛ gaa gerana 


In the limit when Af approaches zero, the angular 
displacement would be infinitesimally small. Бо й would be a 
vector quantity and the angular velocity as defined һу 


Fig 


Eq.6.3 would also be a vector, lis direction is along the axla 
ar retatian and [s given by right hand rule as енсе earlier. 


When we switch on an leche fan, we notae that its 
angular velocity goes оп incemasing, We say 1а! It has ап 
angular acceleration. We define angulir acceleration a 
ihe rate of change of angular velacsy, HT ai and w ага ihe 
values of instantaneous velocity of a notating body at 
instanis b and h ihe average angular acceleration during 
the interval 5 — his given by 


The inétanianeous angular acceleration i (he Бет of har 


ratio deas At apomaches zer. Thareform. instantaneous. 


angular acceleration кү 
ei ч 


nnm Y v" [E К 


The angular acceleration te also a vector quantity whose 
magnitude is given by Eq. 8.5 and whose direction is along 
the axis or notation, Angular accelerstion i& axpressead in 
units of rade” 


Till now we have been considering the moton of a particle 
Fan à circular path. The point P was fixed at the end of s 
mang rmaeshess rigid rod. Now we consider the. rotation 
ala т body as shown in Fig. 5.3. Imagine a point F an 
Ear rigid body. Lina OP is the perpendicular dropped Iram 
P on the axis of rotation, It is usually габата! as reference 
lina. As the body rotates, fine OP mso rotaigs with it with 
the вате angular velocity and angular accelaration. Thus 
the rotation of a rigid body can be described by the rotation 
of the reference linis OP and all the terns thet we defined 
with the help ef rotating Bne OP ane alse valid for the 
rotational motion of a rigid body. In futura. while dealing 
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velocity m аз shown in Fig. 5.4 (a). 
Imagine a point P in the rigid body at а perpendicular 
distence r from of rotation. OP represents the 


Suppose during the course of its motion, the point Р. moves 


In Fig 5.4 (b), it can be seen that the point P is moving 
o SERER In the limit when А! — Û, the length of 
arc P. 


ofthe circle has a magnitude v and ies direction Is always along 
the tangent to tha circha at that point. That is why the Tinsar 
velocity of Ba point Pis also known as tangential velocity. 


Samilarly Eq 5.7 shews that Il the reference line OF is 
rotaling with an angular acceleration a, the palnt P will alsa 
have а bear or Engen nl acceleration d. Using Eq 5.7 it 
can be shown inal the Two accalerstions ane ге] by 

$ ara 5 pam arer 15.8) 
Eqs 5.7 and Б.В show thal оп a rotating body, points thal 
ane at doran distances from the axe do nat have thee 
sare Speed nr acceleration, but all points on а поі body 
rotating about в fixed axis do have ihe same angular 
displacement, angular speed and angular acceleration at 
any instant, This by the use of angular variables we can 
describe the mation of fe entire body in a simple wey 


Equations Of Angular Motion 

The equations (5.2, 5.3, 54 and 5 5) of angular тойоп аге 
mxacily analogous to those in Bear molior except Шым F, 
m Bnd @ have replaced 5, v and а, naspectively As the 
other equations of linear motion were obisined by 
abrace manipulation of these equations, it follows that 
analogous squaions wE map apply to angular тойоп. 
Given below are angular equations. together wath ihal 
linear counterparts. 


Linear Angular 
азе ا‎ авнаа ай (л) 


The angular equations 5.9 10 5.11 folkd iue only in the 
case when the axis of rotation fined, so thal all tha 
angular wactors hive the same direction, Hence they сап 
ba manipulated as scalars. 


‘Solution: in this problem we have Е 
MROV =", us f-180s and ба? , 027 
From Eg. 5,4 we have | 


by 08) 10-20) ма чате? 
ТЕ = 
and fren Eq 5.11. we hove 


gemi ap 


230my$x 1805370187 mov s*] x (18.0 s]! = 27 rov 


The motion of a particle wich is constrained bo move ins 
circutar path m quite interesting. It has direct bearing on the 
motion of such things as artificial. and nabea satellites, 
murlaar panicles im mocalerators, bodies whirling at the 
ends of the strings and fywheels spinning or tha shafta, 


We ай know that a ball whirled in a horizontal circle at the 
end of a siting would nol continue in à circular path if The 
airing le snapped, Garaful observation shows at once thet 
it the siting snaps, when che ball is al the point A, in 
Fig. 5.5 (b), the ball will follow [foe straight line path AB, 


The fact is that unless a string or some olher mechanism 
pulls tha ball towards ihe centre of the circle with a force, 
iu shewm in Fig. 5:5 (a), кай will nat continua аата the 
circular path. 


I tho particle moves from А to B with uniform speed у as 
shown In Fig. 5:8 [a]. the velocity al the particle charges йз 
бкас1нзп bul nof is magnitude The change in velocity la 
shown in Fig. В.Б (b). Hence, the accelaratian of the parice- is 


bie 


Fig, E3(8] 


Fig. Жап) 


Fp HA 


ig Бы! 


where AT 1s the time Taken by the pre to travel From A ta 
B. Suppose Ihe welocilies ai A and B sre v, and м 
respectively Since the speed of the particle is v, so the-time 
inken to travel a distance s, as shown in Fig. 5.6 [a] Ie 


Afs 


8 
v 


Let us now drive Iriangie POR. such that PO is parallel 
and equal to 4 and PR is parallel and equal to vs as 
shown in Fig. 5:6 (b). Ve know thet the radius of a circle Is 
perpendicular to Bs langent, so OA is perpendicular to v, 
and DB is perpendicular io ме (Fag, 5,8 a], Therefore, angle 
ADB equals ihe angie OPR between w and vg. Further, as 
w= уу = y and OA = OB, both angles are isosceles. 
From geometry, we know “hwo imoscoles {йг are 
familiar, if 1he anges Бераеег their equal arms are equal” 
Hence the tangle ОАВ of Fig. 5.6 (а) is similiar to the 
briengle POR of Fig. В.В (b): Hence; we can wila 


iy AB 


ee Bo ums 


v Fr 


If ha point B is close to the роп A on The circte, as will be the 
cage when AI—* D, the arc AB is of nearly tha sama length as 
fhe line АН. Та that approximation, wa can write AB = a, and 
alter substituting and rearranging lars, we Tie, 


wal 
i F 


Puting ihis value far Ww in tma Eq: 5 12, we gat 


where oo is the instantaneous acceleration. Ав thie 
acceleration is caused by the contripetal forge, It is called ê 

centripetal acceleration denoigd by a. This acceleration i5 
directed along the radiis towards the centre of the circle, In 
Fig. 5.6 (a) and (b), since РО is perpendicular to OA ard PR 
ia perpendicular to OB, so QR is perpandicularin AB. ft may 
ba noted that QR is раганы to the perpendicular bisector af 
AB. As the acceleration of the object moving in the circle is 


Hih 


paralel to ww when AB - 0. mo oentripetd acceleration ia 
directed aang radius towards tha contre of the cindy, HK can. 
iherefore, be concluded that 


The Instantaneous acceleration of an object 


travelling with uniform: A а eee iu 
directed towards the contre of ihe circle and 
is called centripetal 


The ceninpalal force. has the sare direction as iho 
centripetal acceleration and ite value ig given by 


Eemer i) 


ln angular measure, this equation becomes. 
Р. = mr? ни (5.15) 


Example ғ 5.2: А 1000 kg car ts turning round a comer еї 
Ome! as it rael along an arc of à circle. |F fhe radia of 
the circular pain im 10 m. how lenge B force must be 
exerted by the pavement on the tyres Te hold the ear in tha 
circular palin? 


Solution: The force required is the centripetal force. 


zo 
у Ет 
Ret. EO EU, SO Oe kgs? -TOxTOAN 
m 


This S mie ba supplied by ihe fictional force. oa the 
pavement on ths whaalg. 
1 


Example 5,3: А ball tied to the end of à string, is swung 
in à vertical cele of radius mumier the action of gravity ав 
shown in Fig. 57. What wil be (ha tension In fpa string 
when the bal {в at the paint A oT the path and ils speed-bs- v 
al ihia paint? 


Solution: Fo ihe ball to travel ina cire, {һа force 


acting on tha ball rust provide tho пөш caniripetil 
force. in this-case, нї poet A, two Terces act on ihe Бай, tha 
pull af the string and ihe weigh! w of the ball, These forces 
act along the radium-at А. amd, soc their vaciar sum must 
Ёштиаһ the required cantripatal force, We, Ineretore, have 


poy 


Consider a mass m attached io tha endoa massiess rod 
as shown in Fig. 5.8. Let us assure thal ine bearing at ihe 
pivot point Cris frictiankiss. Lat tha system be in à horizontal 
plane. А force F is acting on the mass paerpearmxiicularte ihe rod 
and hence, this: will accelerate the mass according ta 


Е= та 


in бод so the force will cause е mass fn totale about ©. 
Since tangential acceleration а, is related. to angular 
acceleration by Ee equation. 


uy = To 


вй, F = тг 


As turning effect is produced by tongue T, It would, 
therefore, be tether to wribe the equation for rotation in 
ferme of torque, This can be done by multiplying both sides 
of the above equation by r. Thus 


IF = t= torque = туй 
which is rotational analogue of the Newion's second biw of 
motion, F = ma. 


Hen Eo горного by т а by a and m-by mr* The quantity 
mr" ia known жа the moment of Inertia and is represented by 
г, The momen of merie plays Ihe same role in angular 
motion as the mass in linear motoi. И may bo noted mat 
moment of Inertia depends not only оп mass m but also on г“ 
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Mast rigid bodies have different mass concentration в! 
differant distances from the axis of ration, which reans 
the mass distribution is not uniform. As shown in Fig. sgia, 
the rigid body & made up of n small peces of messes 


EILL men 


Mi Ps. аі distances гү, fa: fram the ахів сї rotation O, 
Lat ihe body Be nxaling with the angular acceleration û 
go (he magnitude of the torque acting on m.s 


T, = yh os 
Semilarty, thee torque on m; ts 

ts my as 
and 60 an. 


Since the body is rigid, sa all the masses are гошгы: with 
ihe same angular aceteratlan a, 


Total tarque Tie ie hen given by 


| Тиш = (тү * Шр +, pe re а, "e 


-(YXm rye 
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or ы. uu 
where | 18: the moment of inertia of the body snd is 
axpressed as 


ficos ; | 
pu S met inus i5) 
I т 


Wa have already seen that linear momentum plays an 
important role in transiational motion of bodes. Similarly, 
another quantity Кпом as angular momentum has 
important rale in She study of rotational mation. 


Fig. 5 He 


The angular momentum L of à particle of mass m moving 
with velocily v and momentum p (Fig. 6.10) relative to the 
origin O is бейпай a 


Larp штен ДБАВ) 
where r ia tne position vector of ihe particle at that instant 


relative lo lhe origin O. Angal müonmenlum :-8 wüaclor 
quaribty. Its magnibude is 


Lm sind = nn sind 


where Û m ihe angle between r and p. The direction of L is 
perpendicular to the plane formed by rand p and its sensa 
{в given by the nghi hand nie of vector product б! unit of 
angular momentum ls kg ma" or Е. 


Jf the particle is moving in à circle of radiis r with unitam 
angular valogity б, then angle between г and Lancpential 
yelocity is 20°. Hence: 


L= тгу sin @0` = mre 


But y г 


m VEA Lio 


Hienoa Lm m 


Мем consider ac syrmmatria ngid body rotating aboul a Teid 
йв through the panira of mass as ehown in Fig 5.13. 
Each particle nf the rigid body rotates айаш the same axis 
їп n circle with ae angular velocity c The magnitude of the 
angular momentum: of fhe particle of mass m E m vir) 
about ihe eain D. The direction of L; la the same as thal 
of m. Since Ps fom, hè angular momentum of the ith 
patice is mir". Summing this aver all particles gives the 
intet angular momentum of the rigid body. 


н 
= L=( m r*) mz fi 


Where Fla the moment of inertia of the rigid body about the 
axis af rotation, 


Physicist usually make a distinction between: spin angular 
momentum (5, amd orbital angular momentum {ka} 
The spin angular momentum is {һа angular momentum of 
а spinning body, while orbital angular momentum le 
associated with ihe mation of s body along a circular path. . 


The difference is strated im Fag. 5.12. in Ehe usu 
Elreumstances concerning orbital angular rmorantum, the 
orbital radius. is large ascampared in ihe size of the body. 
hanoe, the body may be considered. in be a point object, 


Example 5.4: The mass of Earth is 6.00 х 10" kg. The 
distance г from Earth to the Sun ўа 1.50 x 10" т, As seen 
from the dinsction of ihe Neth Star, the Barth revolves 
counier-clodkwise around the Sun. Determine the orbital 
angular momentum of the Earth about Ihe Sun, assuming 


that it averses a circular orbit about the Sun once a year 


1 16 x10 s). 


Solution: Mio КЛАР Silver ionge 
we musl first knew ite orbital speed from the given data. 
Whan the Earth moves around a rêlê ef radius г, It franoels. 
а destanca of 2пе in one year, jis orbital speed v, is Thus 
22 
T 


Orbital angular momentum of the Рап = {„ = mur 


Iu 


fu 


.25m 
i T 
, 2n(1 50x10" my’ x(6.00 x10" kg) 
3.18 *10's 


2267 x Qfü kg m? s" 


AES The sign is postive bacsuie ihe геод I counter 


The law of conservation of angular momentum states that 
If no external torque acis on a system. the total angula 
momentum of the system remains constant, 


Fig £n Lou = Li + Ly *....= constant 

RG HRS dna ion The law of conservation of angular momentum is one of 
the fundamental principles of Physics. It has been verified 

the cosmological to the submicroscopic level. The 

of the law of conservation of angular momentum is 


теғу apparent if а single isofated spinning body alters its 
a. This is Mustraied by the diver in 
the 


Fig.513 The diver pushes off the board with a small angular 
| PontioPonder | velocity about a horizontal axis through his centre of 
gravity 


, Upon Ming off from the board, the divers legs 
and arms are fully extended which means that the diver 
has s large moment of inertia 7, about this айз. The 


= 


moment of inertia is considerably reduced to a new value 
la when the legs end arms are drawn into the closed tuck 
position, As the angular momentum is conserved, so 


* 

Dou es حر‎ 
ھن یی لے‎ v D discussed the conservation of magnitude of angular 
— momentum. The direction of angular momentum along the 
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axis of rotation also remain fixed. This Is illustrated by tha 


This fact is e great impartance.fee the Earth as it moves 
around the Sun. No other sizeable forque is experenced by 
the Earth, because the major force acting on it ia the pull af 
the Зип. The Earth's ace of notation, therefore, nemains fixed 
in ote direction with rateranceto the universe around us. 


lhe body. Is spinning about an axis with constant angular 
velocly m, each point of the body is moving In à circular 
path and. therefore, has some К.Е. To determine ihe total 
KE. of a spinning body, we imagina it to be composed 
of tiny pieces of mass rry ema ,... M a piece of mass rm, is 
аі a distance г from the axe of roiston, as shown in 
Fig. 5.14, itis moving In a circle with spond 


Wao ETT 


Thus tha KE of this plese is 


1 
K.E=— mus Û 
QW. 3m (raj 


The rotational KE of tha whole body I&-the sum of the 
kinetic energies of all the parts. Go we have 


KE, = Е {луг ак * пзу о, |... 1 


= 5 (mr? mg E Im 


We at once recognize that the quantity within the brackels 
is 1ле moment of inertia I of ihe body. Hence, rotational 
kinetic energy is grvan by 


ДЕ 


Rg. it 


‘Where v is Ehe orbital velocity and Ris the radius of the: 
Earth (6400 km). From Eq: 525 we get, 


ym JR 


= {айт вА m 
=7.9 oma” 


This ig the minimum vetocity necessary to put a satailite 
into the -arbi and is called critical честу, The parod Tis 
given by 


БАЙ lum 


ЕИ: : 
Ты z2xxd]4x " 
y TS ims 


= 50606 = B4 min approx: 


И, however, a satellite in a-circular-orbil is at am appreciabla 
digtance À above the Earth's surface, we musi take inio 
account the experimental fact that ihe gravitalional 
асса н decreases inversely ав ihe square af ihe 
distance from the conte of the Earth (Fig. 5.16). 


Tres higher the satellite, the slower will tha required speed 
and loger It will take to complete one revolution around 
the Earth, 


Clase orblling satedites orbit the Earth at a height of aout 
400 km. Twenty leur such satellites form the Global 
Postioning System. An alriine pibo, sailor or any other person 
Gan now use 3 pocket sige instrumentar mobie phone ta find 
his position on the Еа surface to within 10m асуга, 


We often hear that objects appear tn be waightless in a 
-Spaceship cireng ound the Earth. In order to axamine tha 
affact im some datai, let ив first define, what do we mean 
by the weight? The real weight of an object |a the 
Qravitabonal pull of the Earth on the object. Similarly Bar 
weigh of an object an the surface of tie Moon is inkar to 
be the gravitational pull af the Moon on the object. 


Generally the weight of an object is measured by a spring 
balance. The force exerted by The obyect on thia scala ie 
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equal fo tho pull due to gravity on the object, Le; tha 
weight of thé object, This is пол always true, as will be 
explained a Re later, so we call the reading of the scale 
as -apparent weight 
To illustrata this point; lat us consider the apparent weight 
al an object of mass m, suspended by а string and spring 
balance, in a ЇЙЇ as shown in Fig. 5.17 (a). When the lift is 
at rest, Newton's second law les us tha! the accaleration 
of the пёс! [& zero, the resultant force on Iis also zen. Ii 
iv is the gravitational forse acting on |! and T is the tension 
in ihe- string then we have, 

T-w sma 
Ag а= 0 
hence. ешр = (5.26) 


This sfluntion will remain sc long ax a = 0. The scale thus 

shows the raa! welght of tha object. The wes of the 

знос person in the ШИ to vary, depending on 
mation. 


Whan the lift is moving upwards with an acceleration à, 
then | 


Т ме ma 
or Tew + та eines (527) 


ihe сесі will than weigh more thari ds real weight by an 
menu fme. 


Now suppose, the ШЇ and hence, ihe object js moving 
downwards with en acceleration a (Fag. 6.17 b), then wa 
have 


w—T=ma 
which shows that 
Т= ж-та HIDE (528) 
Tha tension in the string, which is the scale reading, Ж 


lesa. then w by an amount íru To a person in {һа 


acceléreating lif, ihe object appears io weigh less- than w, 
He apparent weht is then (W — maj. 
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Fig. & 14 


Let us now consider thal the ИП is falling freely under 
gravity, Then а = g, and hence, 


Tew = mg 
As the weight w of the body is equal Io mg. so 
T=mg—img=0 
The apparent weight of the object will be shown by the 
scala io be zero. 
it iz understood from thase considerations thal apparent 
weigh of the object |& nel equal inlis true weight in ал 


accelerating system. It i5 equal and oppose to the force 
required to stop it from falling sn lead fran of reference. 


When a satelite is: falling freely in space, everything within 
this freely falling system will appear ba be weightless. It does 
not matier where the object is; whater it is fling under the 
force of attraction of ihe Earth; the Sun, or some distent star. 


An Earth's хада. is freely falling object The statement 
may be surprising at first, but И їз easily seen In be correct. 
Consider the behaviour of a projectile shot parallel la the 
horizontal surface of the Earth in Ihe absence oT air friction, 
If the projectile is thrown at successively larger speeds, 
then during Ike free fall io the Earth, the curvature of tne 
path decreases with increasing honzontal speeds. If the 
objed le own fest enough parallel in ihe Eenh, the 
сигу иг of ils patr will match the curvature of he Earth 
ms shown in Fig. 5,18: In thes: case ihe spaceship will 

| simply cine round the Earth. 

[ 


The space-ship is acoeleraling tewards the centre of the 
Earth al all limes since 4 crcles round the Earth. Ик remie 
acceleration të simply g, Ine free fall accelerabon. In асі 
the space ship is falling towards the centre of the Earth at 
ай ihe fimes bul due to "spherical shape of ihe Earth, й 
never sinks. the surface of me Earth. Since: ine space 
ship im in freefall, all tho abjects within й appear 10 be 
woightess, Thus no force is required to hold an abject 
falling in the frame of relerénce of Ihe space "craft or 
satelite, Such a system is called gravity Tree syatern, 


The Earth and some other panats: moive round ihe Sun 
in nearby сїйї paths; The artificial salallites launched by 
men also adopi menty circular course around the Earth, 
This Тура of motion is called orbital motion 


Fig. 5.18 Ehows в satellite gong ound {һа Earth in a 
circular path. The mass of the Eatellite i5 m, and v is Ив 
orbal spaad. Tha mass of the Earth bs M and. rreprasenis 
the radius of the orbit A centripetal force ma rr is түйгөн 
io hold the satefite In arbi This force is provided by the 
gravitational force of aliraction between ihe Earth and the 
satelite Equating the gravitational force to the required 
сап Иа! force, gives 


Gur, M E ie 
ق‎ Fig 1.18 
or va m o. 6 (529) 


This shows (hal the mass ol the satellits is unimportant in 
describing the satellite's orbit, Thus any saleiite ОЮН ai 
éistance r from Earth's centre must have the oii speed 
given by Eq. 5.29. Any speed tess than this will hiring Ша 
satellite tumbling back to the Earth 


Example 5.6: An Earth satellite is in circular orbit at a: 
distance of 384.000 km from the Earth's surface. What is its 
pericd of one revolution in days? Take mass of the Earth 
M=6.0 xO kag and йк radius R= 6400 km. 


&alution: 
As re B «hs (6800 © 384000) = 390400 km 
T. UB BET X 1D Nem kg? kantik 
P 
= 7.01 kma" 


Alea 
т-27 


. Wy 
t Se “a RHO Kaa 


= AT daye 


2x3, 4 x 380400 mx —— 
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in а gravity ree space satellite there will be ne force that 
will force any body io any Exe of the spacecralt, If inia 
salellibe is bo stay in orbit over an extende period of tima, 
= his weightesensss may affect the perfemnanee of the 
astronauts present in that spacecraft. To over come tiis 
difficulty, an artificial gravity is created in the spacecraft. 
This could enable the crew of the space ships to function 
inan almost normal manner For this eituabon to prevail, 
| the space ship is sel into тошоп around Из. own axis. Fhe 
Fig Bau astronaut than is pressed tawards the outer rim and exerts 
а Киси on the ‘feo’ of the spaceship in much the sare 
way as nn tha Earth. 

Consider a spacecralt of the shape as shown in Fig. 5.20. 
The cuter radius. cf ihe spaceship is A and it retotes 
around its cwn contral axis with arsular speed та, than its 

angular acceleration а. ів E 

ay = Н 


: 2; 
Ви а = = where T is the period ef revalution of spaceship 


iza ап“ 
Henne 4: -R PE LM 
As irgquency f= 1/T, therefore a, = Fan? F 
Ea act {а 
pi j AR " iE 


Tha frequency i increased 10 such an extent That a, 
dualis tog. Thenstore, 

a "9 

-1 Ig 

and fase сз (5.30) 
When (he space ship miales with this frequency, ihe 
artificial gravity like Earth is provided to Ihe inhabitants of 
wm» һе Space ship. 
which 


КОШЫ СШ ПБЯ (GEOSTATIONARY ORBIS lll 
the сеге torre rine? kı kenn 
he open canes On aonb perte. An | еки "m ИН is the 


gec-synchronaus of geo-stabonary sabeu. This typa of 
satelite is the one whose ortta motion is synchronized with 


ad 


{ho fotafon of tho arith, In tits way the synchronous 
satelite famains always over ihe same pod on fhe иг 
as the Earth spinis on ils axis. Exch s satellite ie very useful 
for wendwide  communicalion, weather  observalions 
navigalicn, and other mary uses. 


What should the arbital radius of such а satellile be ao thal 
it could stay over the same point on He Earih surtace? The 
speed necessary for the circular orbit, given by Eq. 5.29. i 


GM 
r 


but fhis speed mist be equal in the average speed of the 
пае in ore day, La, 


ur 


_ Ou 

е Т 
Aere T m ihe period of rmvolullan of {һа satellite, that is 
tûla in опе day, This means test the satelite mus! move 
in one complete ОГОИ in a (ати of exacity one day. As ihe 
Earth miales |n one day emd ihe satellite will тп 
atound ihe Earth in one day, ihe satelite at- А will always 
Shay over ihe same point A on the Earth, ав shear in 
Fig. 5.21. Equating the above twn equations, we get 


zw _ 
Ё r 


Squaring both sides 


amr? GM 
EO Fr 

1 

д ОМТ 
ат? 


From thig we gel the orbital падпіша 


: pal Р "TO (5.31) 


Sutbstiuling the values for ihe Earth inim Eg. 5.31 we gat 
r-4 23x10" km 


A pecebtionaty miii orbs the 
Earth ne per my wer tha 
dum wc E appear dno be 
Story, А. a used nen dew 


Binal ined iriiritia 


Fig. Bz? 


The whole Earth can ba: cowerad 
by just three | geo-slatiimnty 
aera. 


ic = МР He 


Solution: | 


which ts the ОН radius maxsured fram the Genie of the 
Рапп, for a geostationary satellite 4 satellite at this maight 
will akaya stay direcily above a particular point on the 
surface of ihe Earth: Thés. height above the equator cames 
lo be 38000 kr. 


^ satellite communication syshem can be sit up by placing 
several qecetationsry satelles in orbit over different points 
on the surface of the Ear, One such satellite covers 120° 
nf longitude, во that whole of ihe populated Earth's surface 
сап be covered by three correctly positioned satelitea ва 
shown in Fig. 5.22, Since these geostalonary satelles 
seem in hover over one place on the Earih, conbruous 
communicatlan wih amy place on the surece of The Earth 
can be made. Microwaves are used because they haval in a 
narrow beam, in & straight lina and pass easily through the 
atrmasphare of the Earth, The energy needed 10 атру and 
retransmit ihe signals is provided by large solar celi panels 
Mied on the вава, There are over 200 Earth stations 
which transmit signals to satelles and receive signals via 
eatallites from other counines. You can als pick up fhe 
tinal irom the satelite using a dish antenna on your house: 
The largest satellite sysiam ia rnangeed by 126 countries, 
injemetonal  Telecommunicabon — Sabalie Organization 
(MTELSAT) An INTELSAT VI satellite is shown їп tha 
Fig.5 23. Kt aparebes at microwave frequencies ol 4, 5,31 and 
14 (Hz and has B сарасяу of 30, (UOCE two way tetephinne 
circuits plus Three TV channels. 


Example 5.7. Radio and TV signals bounce from a 

synchronous saisie, This satellite circles ine Earth once іп 

24 hour. So if ihe: satallite crches wastward above ihe 

jatar, it stays over the вате spot on the Евлһ. becausa 

! Earth is rotating at the Same rate. (a) What is the orbital 
ышын а synchronous satellite’? (b) What is is speed? 


> bos 
ach omo 


mg? ie 6.0 x 10905 


ч 
FromEg 5.31. 


whera gs 


5 > м. 
ШАШЫ хай x10? ка 24860 кё! 3 
аулар ; 


m vds 
= 4234 cm (57 
b) Бири the value af rin aquatan ж 


n 


Wig Gê. 


21/4:23210 my, ey: اا‎ 
1—3, ТЕЕ 
У = варез 


Acomding bo Newton, the gravitation i the inirinsiz 
property of matler that every particle of matter attracts 
every other particle with a force that is direcily proportional 
fo tha product of thelr masses and [s inversely proportional 
in the aquane of the distance bebveen tem, г 


Acoma to Einstein's Imeony space lime is curred, 
especially locally near massive bodies. To viswnlize thin, 
we might think of space ве е thin rubber sheet; If a heavy 
weight is hing from Й, И curves. as shown in Fig 5.24. The 
weighl corespomis io a huge mass that causes space 
itself to cure. Thus, in Einsteins theory we do not speak 
of the Torga of gravity acting en bodies: mstiaad we siy Wari 
bodies and light rays rove along geodesics (equivalent їп 
siraight linas-in plane geometry) in curved space time 
Thus, s body ad rest or moveng slowly miit the greal mass 
of Fig; 5.24 would folicw s gepodesic toward that body. 


Einsiain's theory gives us а physical picture ol how gravity 
works; Newton discovered ihe inverse square law ol gravity; 
but explicitly said that he offared no explanation of why 
gravity should follpw ani inverse square law. Eimatein's theory 
alio says hat gravelly Holes an Inverse square law (except iri 
strong gravitational fiefs), but it tells us why this should be 
sr. That is why Einstein's theory is better than Newion's, 
evên eigh i includes Newion's theory within faal and 
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ges ihe same newer. Bs Newton's theory everwhere 
except where the gravitaBonal feld is vary strong. 
Einstein inferred that if gravitational acceleration and 
inertial acceleration arm precisely equivalent, gravity must 
bend light, by a precise amount that could be calcutated. 
This was not enlirely-a sieriling suggestion: Newton's 
iheory, based on the idea ef light as a stream of tiny 
particles, also suggested thal a Egh beam would be 
deflected by оглу: But in’ Einstein's heor, {һа 
defection of light E prodiced to bo execly bwice ma 
geates it ls according io Mewlon's theory. When ithe 
bending of eirigh caused by the gravity of the Sun 
ws measured during a sar eclipse in 1818, and found to 
match Emalea prediction rather. than Newton's, then 
Einstein's theory was hailed as a scientific triumph. 

Angular dis eran Е angle subtended at the centre of a cinch by A párlicse 

moving along the circumference in à given tima. 

"al unit af-angular measurement is radian. 

_ Angular accideration {в the nate of change af angular velocity. 

“Relationship between angular and tangential or linear quantities. 

A :szrü — rra — dL rara " ) 

The force needed to move a body around а circular path is called centripetal foro 

and fs calculated by the expression Fam = 

Moment of inertia isthe rotational analogue of Hêka in Mat moin: И deponis оп 

the mass and the distribution of mass from the axis of rotation. 

Angular momentum Е the analogue of linear momentum and. в ‘defined as {һе 

product of moment of inertia and angular velocity 

Total angular momentum us all ihe bodies in а sysiem remains constant in the 

absence of gn a; 

Artificial satellites are the objects that оаа те Earth due to шй 

Orbital velocity is the tangential velocity to put a satalliie in orbit around the Earth. 

“Artifical gravity la he gravity like effect produced in an orbiling spaceship to 

“overcome weightlessness Бу ‘spinning the spaceship about its own axis: 

Gian-stallonary Satelit is the one whose orbital. malian la synchronized with the 

rotation of the Earth. 

Albert Einstein viewed gravitation as a space-time ourvalure around an object. 
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Explain the difference between tangeniial velocity and this angular velocity, If one of 
these is given fora wheel of known radiis, how will you find tha othar? 


Explain what is meant by е биш ahd why IL musi be Turnishree to an object i 
the object Es to follow a circular pati 


Whal i mamni маит АУК fe significance. 

Wirt [s meant by angular momentum? Explain ine law af conservation of angular 
momentum. 

Shaw that orbital angular momentur La = mr. 


Desoria whal should be tho minimum velocity, Tor a salulis, ix orbit cisse to thè 
Earth around it, 


Stabe the direction of the foSwing vectors in simple silbuiations; angular momenum 


and angular velocity, 

Ezpain why an obici. orbiting the Earth, m said to be freely failing. Use your 
planation to point out why abiectis appear weightess under certain circumalances. 
When mud Mes- af the tyre of a moving bicycle, in what direction doen iE Thy? 
Expiain 


5 10 A disc and a hoop start moving down from the top of an inclined plane at the same 


tima, Which one will be moving faster оп reaching iha botom? 


511 Why беа à diver change hes body positions before and.aftor diving in the pool? 
5.12 А student holds two dumb-balle with stretched arms while Бітер ап B tim table. Не 


is given а push until hie is rotating at cartel angular velocity. Tha extent her pulls fur 


ziumb-bess towards his chest (Fig. 5325). Wnat wii be tha fect an rate of rotation? 


Г Jd zie юр 
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E 13 Explain how many minimum number of geo-slationany satalliias are required for global 


coveraga of T V. iransmission 


BL 
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A tiny laser beam is directed from the Earth to the Moon. If the beam is to have a 
diameter of 2,50 m at the Moon, how small must divergence angle be for the 
beam? The distance of Moon from the Earth is 3.8 x 10"m (Ans: 66 30* rad) 


A gramophone record tumtabie accelerates from rest to an angular velocity of 
45.0 rev min in 1-608. What is its average angular accelerabon? a: 2 95 ed 5 


А body of moment of inertia / = 0.80 kg т? about a fixed axis, rotates with a 
constant angular velocity of 100 rad s '. Calculate its angujar momentum L and the 
X on (Ans: BO Js, 0) 


Consider the rotating cylinder shown in Fig, 5.26. F 
Suppose that m = 5.0 kg, F = 0.60 N and r = 0.20 m. 
Calculate (а) the torque acting on the cylinder, (b) the 
angülar acceleration of the cylinder. 

(Moment of inertia of cylinder = } mr’) 


Fig. $26 


(Ans: 0.12 Nm, 1:2 rad s?) 
Calculate the angular momentum of a star of mass 20 x 10” kg and radius 
7.0 x 10° кт. If it makes one complete rotation about йв axis once in 20 days, what 


is its kinetic energy? (Ans; 1.4 x 10" Js, 2.5 x t0" J) 


A-1000 po iii vM apunta tim f found a curve of radius 100 m. 
"wm ! 94 (Ans: 1,80 x 10* N) 


What 15 the least speed at which an aeroplane can execule a vertical op af 1.0 km 
radiis so that there will be по tendency for the pilot to fail down at the highest point? 
(Ans: 99 ms’) 
Де Moon cie. Ne. Suh dà VUE Жа dio ЖИЫН fco Чы КИШ, 
Oare plena E dna pec ea orig ftl o 
orbital! angular momentum. (In this case, M Bar ish M beac GORAU tà 
Pert. Сине Dave We Padi ont Ps Mon EMO Ne Radius of the 
Moon js 1.74 x 10^ m, (Ans: 8:2 x 10*) 


The Earth rotates on fts axis once а day. Suppose, by some process the Earth contracts 
зо that its radius is only hall as large as at present. How fast will il be rotating then? 


(For sphere 1= 2/5 MR’). (ane The Earth would complete Ив rotation In 6 hours) 


5.10 What should be the orbiling speed to launch a satellite in a circular orbit 900 km 


above the surface of the Earth? (Take mass of the Earth as 6.0 x 10° and its radius 
as 6400 km). (Ans: 7.4 km s^) 
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Chapter 6 
Learning Objectives 


At the end of This chapter the students will be able ti 


1. Understand that viscous forces in a fluid causn а rating force on as abject moving 
throug 7 


2 Use Stokes’ law in derive ап expression for \егтіпаі velocity of a spherical body 
falling through e viscous fluid under laminar conditore 

3. Understand the tems steady Hamini, streamline) flow, incompressible fina. пет 
viscous flow as applied to the motion of an ideal Mui 

4. Appreciate thal at a sufficiently high velocity. {he flow of viscous Пи undenjoas a 
transition from larnénar to turbulence conditions, 

5 Appreciale the equation of continuity Av = Constant for the flow of an ideal and 
incompressible Muid 


+ Арені {hat th equation of continuity 14 а form of the principle of conservation of 


7 ERNE E pressure differance can arise fram diffarord ratas of fow of a 
fluid (Bernoulli affect), 

н. Derive Bernoulli's equation In form Р + Hp? + pgh = constant. 

D Explain how Bernoulli effect i applied in the fier pump, atomizers, i the 
flew of air over an aeratail; Vanturimeter ond in Sood physice. 

19. Give qualitative explanations for the swing of a spinning ball. 


B. Siudy of fiuids in motion i5 relatreaty complicated, but analysis can ba simpltied by 

making а few sssumotians, The analysis ts further simplified by the use of ten importard 
conservation principles: the conservation of mass and the conservation af anergy, T ha fene of 
conservation of mass gives us-Ihe nquatian of cominuty while he lw of cormervatrn of 
onengy is the basis of Berneoullis equation The aquation of continuity and the Barsseulli's 
equation along with Mair applicera m aenean and blood eroulatorarediseussed [n tha 
cnapler 
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Tha fictional effect between dilareni layer of a Rowing 
fluid is described in terms of viscosity of the fiui. Viscosity 
maasuras, how much force is required to slide one layer of 
the куші over anather layer. Substances that: do not how 
easily, such as thick tar and honey etc; have large 
coaeflirients of viscosity, usually dercbed by greek latter's’. 
Substances. which flow easily like water, have small 
совреме ot viscosity. Since liquida and gases have nan 
zero viscosity, а force im required if an object is io be 
moved through ihem, Even the small viscosity of the air 
mers п large retarding Torte on a cer as И rasele at high 
spead. H yau stick aut your hand out of tee window of a 
fast moving саг, you can easily recognizna that considerable 
force has fo be exerted on your hand to move it through the 
air. These are typical examelas of the following fact, 


An object moving through a fluid experiences а 
retarding force called a drag force. The d 
Increases as the spaed of the object i с 


Even in (he sanplest cases ihe exact value of the drag 
force is difficult Io calculate, However, the case of a ephere 
moving threugh a Aued i of great importer, 


The drag fore Р an а арага of radius r maving slowly with 
spud v {гш a fhad of viscosity тү ia given by Stokes law 
as under 


Веб шша (8.1) 


Consider а water: dropiel such as thal of Год falling 
vertically, the air drag on the water droplel kcreasas with 
peed. The droplet accelerabes rapidly’ under ihe over 
powering force of gravity which рива the droplet downward. 
However, the upward drag force on it increases as the 
speed of the droplel inerémses The met fore on the 
draplat is 
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An їн: speed of ihe droplet continues to increase, the drag 
Гогов -eventuglty approaches the weight in the magnitude 
Finally, when the. magnitude of the drag forse becomes 
equal to the weight, the net force acing on the грми is 
zara. Then the droplet will fall with constant speed called 
jerminal velocity, 

To find the terminal velocity v in this case, we use Stokes 
Law for the dreg force. Equaling B to ihe weight of the 
drop, we have 


mg = 6znrv 


TU. pecca 
T " 4 


The mass of the droplet is pi, 
where volume W= i (zr) 


Subatitutindg mis value in Ihe steve equation, we gel 


Example 6.1: A tiny waler горі of radius 0.070 cm 
descents through air from a high building. Calowais its 
terminal velocity. Given that | for aie = 19 x 10^ kom s” 
and density of water P = 1000 «gm ^. 


Solution: 
rz10x10'm, P= 1000 ртт, "s 18x10*kg m s" 


Putting the above values in Eq, 8.4 


_ 2X8Ems x (1910 т 1000 Кот 
CERET E ET а! 


We'get Terminal velocity = 1.1 m s" 


Far Your багет? 


63 FLUIDFLOW 


Moving fluids are of great importance, To learn about the 


behaviour ofthe Tluid im motion, we ooneiter thelr Bow 


through the pipes. When а fluid is in motion, ib flow car be 
eiihienrtetreamline of tultiulent. 


in this case each panicle of ihe fluid moves along a smooth 
path called a streaming as shown in Fig. 8.1 (aj The 
diferent strearlines can nol cross each olhe. This 
condition is called steady flow condition. Tho dinectlon of the 
Streamlines 18 Ihe same as the direction of ihe velocity of Tha 
fluid at thal pomi. Above a certain velocity of the fluid flow, 
ihe motion of Tur fluid becomes unsteady and iregular. 


Under ihi oondifion the welacity of she fluid. changes 
аргирбу as shown in Fig-8,1 [b). In thes case Tha exact path 
of she panes of the fluid can not be predicted: 


We can understand many features of the fluid in motion by 
considering fhe behaviour of a fluid which satisfies the 
folowing conditions 


The fluid is: non-vwecoug ie, there & по Titernal 
frictional force batween adjacent layers-of fluid 


The fluid is incompressible, ia. sls densily ks constant 
The fluid motion is steady, 


64 EQUATION OF CONTINUITY — — 


Consider a Muid Пета rough- pipe af non-uniform T 
Tha particles in ihe Muki move along the sreamlines in a 
stead Stala flow as shown in Fig. 62. 


tiğ 


In a small ime Af, the fluid at the lower ene! of the lube 
moves а distance Ai, wilh a velocity vi. MA ts: the area of 
cross smction ofthis end, than the mess ef fhe fluid 
contained in the shaded region ё: 


ATi = pls Ан; = prit ХА? 


Where P. 16 the density of tha fluid, Similarity the fluid that 
moves Wilh velocity wy through the upper end ef the pipe 
[аган of cross fection Ay) in the sare mê АР hrs ar mess 


آل ا وروق = Am;‏ 


I {е fluid im incompressible and ha flow ls steady, the Fig Kd 
mass af the fluid je conserved. That a, he mass that flows 

inic-ta- batbom af the pipe thireogh A, In a Tire At must ba 

equal io miss of tha liquid thal fcws aut through A; im ihe ^ + 

same time. Therefore, 


Am, 98. AT 
or PAM. Рой 


This equation is called. the equaiion-of continuity, Since 
density ls constant for the steady flow of incompressible 
fluid, tha equation of continuity becomes 


Example: 6.2: А water hose wilh) aniniernaldameter of - 
20 mm ві tha outset discharges 30 kg of water in BO s. 
сил FR р МЕ Мы reas AC 


obwaleris 1000 kgm and йв Bow is siesiy. Ай jimi amar Tele: ee annos 
Solution: — ira rea gga чача 
— 


Mass flow par second = Ex =0.5.kgs' 


Creas sectional area А = er? 


As the fluid moves throsgh a pipe of varying сгова Section 
end height, the pressure will change along the pipe. 
Bernoulll's equation is ihe fundamental equabon in fluid 
dynamics that reiates pressure to fluid speed and height. 


In deriving Bamoulll’s equation, wo assumi bhai the Fluid is 
incompressible; non viscous and flows in a steady state 
manner. Let us consider the flow of the fiuid through the 
pipa irt time f, as shown in Fig. 6.1. 


b 
=. 
E 


The forse on the upperend of the Bud ig Pul, wher P. ihe 
peessura-and A; ls the area of cross section al ihe upper 
end. The work done on the fluid, by he fluid behind й, in 
moving Й through a distance As), will be 


W,zFA = РА Ах 
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Similarly Ihe work done on the fluid at the keer end is 
W^ =- Ё; AX - PyAp AE, 


Where P is ithe pressura, Ay ls ihe area of brass section of 
lower end and Ax; ia the distance mover Бу 1 Во in the 
same me inborval Û Tha work W; |6 isken to ba ма as 
this work [s done against the fluid force, 


The nat work dona = W = WV, + W;* 


(ТЕЙТ ЕЕ ПШ Tsmmmiman 


It уу ала ve are іле velocities at the upper and lower ends 
fnespectively, ther 
Wee Р.А ea PATE 
From equation of continulty (egualian 6,5) 
EE 


Hence, Awe kt t=Awy XImV (orean doi 


If m is tha mass and iis the density then V = 1 


Бо equalion 6.7 becomes 


Part of this work is uifEzed by the Muid in changing its К.Е, 
‚реу уу а gia کے‎ RE. 


E EY fans cae AN PN B TN — 
ends respectively, 


Applying. the law of conservetionsof energy to this, volume. | 
of the fluid, we del 
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rearranging ihe equation (6,11) 
Pit р * pgh, = Pot in ДЫДА 


This ie Bernnulli's equation and zs often expressed ds 


oOrrtcelt Theora 

A simpe application of Вегпоші е egustion ш shown in 
Fig. 6&4. Suppose а large tank of Guid has fwo small 
offices A and В оп it, as shown in the figure. Let us find 
tet speed with which the watar flows from the orifice A. 
Singe tha orifices are so-small, the efflux speeds v; and vy 
will be much tigor than the speed v, af Tha top surface of 
waler. We сап therefor, take v ms approximalely nena. 
Hence, Bemoaulli'a equation сап be written а=: 


Р, + poh = Py 4 200 + раї 


But Ру= Ру= atmospheric pressura 
Therefore, the above qquadion becormes 


This is Талга Inaanem which states that; 


Notice that the speed of the efflux of liquid is the same as 
the speed of a ball that falls through a height (hy - ha). The 
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level of the tank has moved dewrr a litle and та РЕ. 
in iransherred іпіс KE. of the eux of fu. ff thio 
fice had been pointed upward as st В вожу in Fig. 8.4, : 


А result of the Bernoulli's aquation ia that the pressure wil „© Ф. 
be low whore the speed of ihe fue is high. Suppress tral . j А7 
water flows through a pipe misiem- as. shown in Fig. 6.5, * Leia 5 
Cleary, ihe weler will flow faster at B than it doas aL A or С. C — = 
Assuming the flow speed а! A іо be 0.20 тег? and at B to be 

2.0 m&", we compare the pressure at B with that ai A. Pes 


"` Applying Barnoulifs equation and noting that the average 
PE, is the sama at both places, We have, 


Substituling ^ v, е 0-20 ma” 20g 20mm 


And pw 1000 кту? 
We gat: Pa- Ра= 1880 Nm? 


Thie shows that, tme pressure in the narrow pipa where 
митип ane closer together is much smaller than in the 


Tha lift on an aeroplanes due to this effect The Bow of air 
around an веғорівте wing es iltustraded in Fig- 8.8, Tha wing ii 
designed to deflect the air sc thal simarrdines arn closer 
together above the wing than below if, We nave seen In 
Fig.6.6 that wharn the Hreaminas ani forced closer togeiher, : 
, ihe speed is faster, Thus, ai 18 travelling faster on the upper} . 
ida af the wing ihan on the kwer. The pressure will be iowar D 
atti top ol the wing, and the win wifi ba forced upward. — 


Similarly, when a tennis ball ta hit by а racket ineuch-a way 
that it spins as wal as moves forward, Tha velocity of tha 
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„а кк 


air an one side of tha ball increasnas (Fig, B. 7) due lo spin 
and air.&peed in the same direction as at B and hence, the 
pressure decreases. This gives an extra curvalure to tha 
ball known 28 swing which deceives an opponent player 


if one of the pipes hag. a much smaller diameter than the 
other, as shown in Fig. Б.В, we wrie Bemoullls equation in 
a rmm convanient form. И 15 assumed hal the pipes аге 
horizontal so that egh fons become equal and cin, 
therefore, be dropped. Then 


agoi = rê Wt) onec (8 18) 


As the cross-sectional area Ap is small as compared fo the 
ares A), than from equation of confinuiby v, = (AoG09l vs, will 
be amall as compared to vs Thes for flow from a large pipe 
lo а small pipa we can neglect v, on the right hand side of 


РР Тө ose (818) 


This her known sea anb relation, En EEE OCON 
тынны, а device used lo measure speed of quid flaw. ° 


Example 6.3: Water flows down hill through a closed 
vertical funnel. The flow speed at the top is 12.0 cms’. Tha 
flow speed at the botiom i5 twice the speed at the top. Il 
the funnel is 40,0 cm kang and ihe pressure at the top is 
1.013. 210° Мг", what is the. pressure at the bottom? 


Solution: Using Bemoulli's equation 


Pj +n ght ри? = Рур; * iei 


гь NN P= Pt pghi + S oti d) 


“where f= hy - hz* the length of the funnel | 
Ps = (1013 x 10° Nm?) + (1000 kgm? x 8.8 ms” x 0.4m} 
12 (1000kgr*] x (0.12 тв] (0:24 ттеу 


= 05 x10* N m* 
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A. slethnacone getects the instant af which the external 
pressure becomes equal to the systolic pressure. Al this 
point the fret surges of blood flew through fne marow 
Sricture produces a high flaw speed. Ав a result tha flaw is. 
initially turbolerit. 

Ав the pressure drops, tha exberma] pessum: eventually 
eguala ihe diastolic pressure. From this pori the vessel 
na enger collapse during ary partion of thea flow cycle. The 
fon switehes-tnom turbulent to laminar, and te gurgie- in 
ihe sheihoscope disappears. This is the signal to record 
Чїазїгїк: pressure. 


An оеп! moving throwgn a fluid experiences a retarding farce krewn:as-drag-Türcae: 
It increases as the speed ot onject Increases. 


Acaphere of adus r moving wif speed v through a fluid of viacesity rj axpariances a 
viscous drag force Р given by Stokes law F = Be nrw. 

The maximurm and constant velocity of an object falling vertically Gownwaed is calet 
terminal velocity. 


Ап kisal fluid ie-Incompressiis and has no viscosity, Bolh ae and water at how 
speeds appraalmate lû ideal fluid behavinur, 


An laminae flow, layers of fluid side smoothly past each othar. 
in turbulent Aow- ihera is greal disorder imd а conmtantly changing Row pattern. 
‘Conservation of mass in an incompressive fluid is expressed by tha equation af 


ү солу AM Ау. = :&nnatant 


Applying the s of conservation of mechanical enargy in the steady fiow.of an 
ideal fusi leads to Bernoulli's equation. 


P+ зрана constant 


The effect of the decrease In pressure with the increase in speed of the fluid in a 
horizontal pipa is known an Venturi effect. 


138 


Blood ie an ineompressible fluid having a density nearby 
equal to thal af water. A high concentration (50%) of red 
blood cells increases ils viscosity from three be five times 
that af water, Blood vessels ana not rigid. They stretch like 
a nibber hose. Under normal circumstances Be volume 
at ihe blood is sufficiant to keep ihe vessels inflated at all 
times, even In the relaxed state between heart beats, This 
mans there ig tension in the walle of ihe blood essaia 
and consequently the pressure of blood Inside is greater 
than the external atmospheric pressure. Fig. 5-9 shows 
the vamiation in blood pressure as ihe heart beats, The 
pressure varies from a high (syslplic pressure) of 120 tor 
(t latr = 133.3 Nm} toca bow diastolic pressure) af about 
75-80 кит between beats in normal, healthy person. The 
numbers tend lo increase with age, corresponding bo the 
decrease in thé ITexibiliy of ihe vessel walls. 


The unii tor or mim of Hg is àpled instead of Sl unit of 
pressure because ol ils extensive uses in medical equipment. 


An instrument called a sphygmomanometer measures 
blood pressure dynamically (Fig. 6.10}. 


арта 


H авЁШЕЙ 


rg nu 


An infatakde beg is wenund amurnd the em гї a pagent and 
axxdérnal preseure on the anm is increased by inflating the ban. 
The effect Is lọ squeeze fee arm and compress fhe blood 
vessels inside. When tho extemal pressure applied becomes 
larger than the systolic pressure, the vessels collapse, cufling 
alf the few of the blood. Opening the release valve on the bag 
gradually decreases the bxtelnal pres 
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Li Esplai what do you understand by the term viscosity? 
t2 What is meant by drag force? Whal sre thé achos upon which drag Куо acting 
upon a smed spoin of radius г, moving down through a liquid, Черик. 
E1 Why foa droplets appear. to be suspended In air? 
- 4 Explain the difference between laminas flc and turbulent flow, 
^c Bue Bemoull's relation for a liquid in motion and describe same of ts applications. 
б А person is standing near-a fat moving tren. [s there any danger that he will fall 
towards ЇЇ? 
LT Identity the comect answer, What do you infer from Bernoulli's theorem? 
(|o Where he speed of the fluid is high trie prassurg will be bw, 
Where Ihe speed of the fluid le high te pressure m aleo high, 
^": This theorem ls valid only tor turbulent flaw at tna liquid. 
^B Two row borin moving parallel in ihe same сасон are pulled towards each other. 
lain 
EB не Ка 
10 Explain the working of a carburetor of a motorcar using by Barmmexulli's principle, 
* 11 For which: position will tha maximum blood pressure. in the Body have the: smallest 
end (a) Standing up right ib) Sitting (c) Lying horizontally (4) Standing оп: one's 


(21h oan oring space station, would Ie bleed pressure in major arteries In the leg 
fiver be greater than the blood pressure in major arteries in lhe neck? 


NUMERICAL FRUBLE 


© 1 Cerain globular pn particle has a density af 1246 kg m^. It fale through pure 
water («BO x 10^ ] with a lemming! speed of 3.0 em h’. Find the radius of 


ihe parlicia. 
(Ang: 1.8 x 10% m) 


2 Water flows through a hose, whose armai diameter is Tem at В speed of ims". 
What should be the diameter of tha nozzle if the water is io emerge at 21ms ^7 


(Ans: 0.2 cm) 
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Tha pipa near the lower and of a lange water storage tank беморе a small leak ard 
a alream of water shoots from iL Tha top of waber in the tank is 15m above Ee point 
ot lenk. 


a) With what speed does the water nish from the hole? 

b) ifthe hole has an area of 0.060 emî, how much water flows out in ane second? 
(Ana: {а} oma, (b) 102 em) 

Water в Bowling smoothly through a closed pipe system. At ona point the speed of 


weer ix 3,0 ma! while at another paint. 3.0 m higher, the speed is 4.0 ms”, If the 
pressure is BD kPa at ihe lower paint, what is pressure at the upper point? 


Ans: AT kPa) 


5 Ar airplane wing is designad so that when the speed of he air across the top of the 


wing is 450 ms". the speed of air below the wing is 410 ms. Whal is the pressure 
difference between the top and bottom of the wings? (Density of air = 1.28kgrri? } 

(Ans: 22 kPa) 
Tha radica of he aorta is about 1.0 em and the blood flowing through it has а speed 
of about 30 ome | Calculate The average speed ûf the blood in the capillanes using 
the Тасі thal although each capillary has a diameter af about & x 10^ cm, there are 
literally millions of them so that Their total cross section rs about 2000cm". 


(Ans: 5 x 10^ ms) 


' Hawlarge must а heating duct be If айг moving 3.0 ma` along It cain replenish the zr in 


a roam ûf 300 m' volume every 15 min? Assure te airs density remains constant. 
(Ans; Radius = 18 cm) 


* Ап airplane design calls Tor a TF due té the nat orem of the moving air on tfe wing of 


about 1000 of wing area, Assume that alr Rows past the wing of an aora wilh 
sireamine flow, If the speed of flow past the lower wing surface is 160ms", what is 
tha required speed over the upper surface to give a "о TOO0Nm? The density of 
airis 1.29 kom” and assume maximum thickness of wing to be one matre. 

(Ang: 165 ms") 
What gauge pressure is required. in (ber ciy mams for a stream from a fire hose 
connected to the mains io reach a vertical height of 15.0 m 


(Апа: 1.47 x 10 Pa) 


Learning Objectives 


At the ёла of thi chanter the students wil be able ta: 
EE uam, «ef an oscilator using experimental, analylica! and graphical 


Tse E UMP ect SIR оа АА ОМА 
projection an the diameter of The circle la simple harmonic. 


Show that the motion of mans attached to a spring is simple harmonic. 
Understand that the motion. of simpàe pendulum im simple harmonic and to 
‘calculate its time period. 

Understand and cae ife ferme amplituda, lime gariGd, fraguency, angular 
frequency and phase ditference. 

Know aita uni df edb Moria D а О ЫШ бе ул va Sie el, 
Descr the interchange batwpaon kil and potential айги during SEM, 
Describe prachcal mxamples-3f Free and forced oscillaties 

Describe. practical examples: of damped oscilimtions wih particular raference to, 
the effects of the degree of damping and the importance of critical damping in 
cages uch. On cor suspnrision syabem, 


M any a limes, we come across а type of motion in which а body movas to and fro about 

a mean paeltion. It la called ascillstany.or vibratory motion. Tha gëcilaiory motion is called 

periodic when й rapeats Asell ‘afar equal Intervals- of time, 

Some typical vibrating bodies mre Shoan |n Fig. 74, В ls aur. common observation. thet 

8] a mass, suspended fram а spring, when pulled down and then released, starta 
oscillating (Fig. 7.1.8). 

Б) the bot of a simple pendulum when dispiaced- from its rest position and roseased, 
vibrates (Fig. 7.1 by 


c) a steal rular campis al ona end to a bench oscillabis 
whan the free end is displaced sideways (Fig. 7.1 c). 
d) a steal ball rolling in a curved dish, Gecillabeis about ite 
rasi pasion (Fig. 7 3 d]. 

Thus іо get oscillations, e body la pulled away from itè rest 
ar equilibrium position and Even released, The body oscillates 
due io a restoring force, Under the action of thia restoring 
forme, lhe body accalerales and Щ nvershoots Tha past 
position due їп inertia. The restoring Porce (hen pulls if 
bate. The restoring force is always directed Балагое 
the rest position and so the acceleration is aso directed 
towards the resi or mean posilinni. 

lt is absereed that the vibrating badies produce waves. 
Forexample, a violin string produces sound waves in alr, 
There аге many phenomena in nalure whose explanation 
requires ihe understanding of the concepts of vibrations 
and waves, Although many large struclures, such as 
skyscrapers ard bridges, appear to bx rigid, they actually 
vibre. The architecis-and the engineers who design and 
build (hom, take this fact inde account. 


Lat us considera mass m atlached to ome and af an elastic 
Spring which can move freely on. a frichonlass horizontal 
surface es shown in Fig: 7.2 {ab When the mass in 
dispaced towards right through a distanos x [Flg. 72 bi, 
the force F at that instant is givan by Hookes law F = ix 
where ks û constant known as spring constant Due lê 
alasticity, spring opposes the applied force which produces 
the Gaplacamant This opposing force is called’ resipnng 
farce Р, which is equal and opposite to ihe applied force 
within, elastig limit of the &pring. Hence 


The negative sign indicates that Р. bs directed -opposite to 
x. Le, towards the egullibrium position. Thus we see That 
in ж system obeying Hookes taa, ihe restoring force F, is 
directly proportional to the displacement x of the system 
from its: equilibrium postilion and Ia ahays directed bowards 
Й. When tha mass is released, Й begins to oscillate about 
the equilibrium pasition (Fig. 7.2 c). The oscillatory motion 
taking place under the action of such: à. restoring force [в 


I4 


kncrem ss simple harmonio motion (FHM, The acceleration 
a produced in the mass m due ta restoring force can be 
calculated using second lawal motion 

Е = na 


Then, -AE = птш 


tand Amplitude 


Fig. 7.2 thal when a body is vibrating, its 
daplecement from the mean position changes wiih time. 
The value cf its distance from ihe mean posillon af: Bry 
iima is known as йз instantaneous displácement It is zer 
at the Instant when the body is al ihe mean pasibon and is 
maximum at the extreme positions. The maximum value of 
Geplecement is known as amplituda. 
The arrangement shown In Fig. 7.3 can be used to record 
the variations. in displücernment with lime for à mass-spring 
system, The strip of papar zs moving al a constant speed 
from right to left, thus providing a time scale on the strip. 
А pen attached with the vibrating, mess records its 
agatat- tima as shown in Fig. 7.3. It Сап 
be seen thal the curve showing ihe variation of 
placement with fima is a sine curve, It is usually 
known as маліт of SHM. The points B and D 
correspond to the extrema positions of ihe vibrating mass 
and pointe A. C and E show Hs mean position. Thas tha line 
ACE represents the level of mean position of tha mass on 
Хрен ра, The amplitude of vibration la Mis а maasure nl 
(he Ene Bb or Dd In Fig. 7.3. 


Vibration 


A wibralion means one complete round tig af the body m 
mation. In Fig. 7-3, Н the molin of mass from ifs. mean 
positon to the Upper merema posibon, from upper airar 
position 1o lower axinamar posilion and back te its mean 
position. іп Fig, 7.3, the curve ABCDE correspond to the 
differant positions of the pen during one complete 
vibration, Alternatively the vibration can abso be defined as 
moken of the body from iis one extreme position back bo 
lhe. sarne extreme position, This will correspond to. the 
portion of curea from points B 10 F or from points D to Н. 


| irri Period 


itis the time T required to complete one vibration. 


Frequency f is the numberof vibrations executed by a body 
in опе second and is expressed as vibrations per second 
ог cycles par second аг hertz (Hz). 

The definitions af T and f show that the two quantities are 
sone dhcp 


e Ar І "s ^ آ۹ اس‎ 


guar rrnegugency 


I T is the time period of a body executing SHM, its angular 
frequency will be 


JY i a دن‎ +з ROSA) 24) 


Angular frequency m bs basically а papam of circular 
moter. Hare il has been infoduced in SHM because i 
provides ап easy method by which tho vake of 
instantaneous displacement and instantaneous velocity of 
a body executing SHM can be computed, 


Lēta mass rm, attmched with the end of a verteally 
suspended spring, vibrate: simple harmonically with period 
T, Irixquerscy апа amplitude x, The ташап of the mass is 
displayed by the poster P. on the Tine BC wilh А as mean 
positon and B, (C as exime positions. (Fig. 7.48]. 
Assuming A es the position of the -poinier st 
ie D. i wil move eo that ЇЇ is at 6.400 and back fo А at 


LH 


instants TA. The, 374. and. T respectively, This. will 
completa one сүгә af vibration with amplitude of vibration 
being te = АВ = AC. 

The concept of circular motion la introduced by considering а 
paint P moving nn acros or radius x, with a union angular 
feguency e = HIT, where T m the lime period of the 
vibratian of the pointer, it may be noted that Ehe radius of fhe 
еы li sonne заара motion, 
Consider the motion of the point N, Нерон оча onthe 
diameter DE drawn parallel to the diee an Satie 
pointer in Fig. 7 3f (by) Note that the of paints О and E 
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is the same as the points B and C. As P describes 
тотту circular motion with а constant angular speed m, M 
scillates to and fro an the diameter DE with time parod Т, 
Assuming ©, T ba the position of P at = Û , the position af 
{һа pomi N at the instants Û, TM, 112, 3/4 and T will Бе at 
ihe polnite û, DOE and C respectively. A comparison of tha 
motion of N with that of the pointer P, shows that it is a 
гаріса of the pointers motion. Thus tho expressions of 
tlispiscerment, velooty and acoalaration Tor the motion of М. 
ШШ hold good forthe pointer Pi, asecusing БНМ, 


Referring bo Fig. 7.4 (by W we count the tima t= D fram the 
insani when Р is passing throigh O, the angie which tha 
Tadlua OF swaapa аш in time | i& OOP = A mf, The 
disgéacermernit x cof M ad Thr metana f wii bar 


x = DN = DP iin СООР 
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or х= x, Sin 


instant f, 


The value of x as а funcbons of this shown In Fig. 7.4 (c). 
This is the wana-form of SHM. In Fig. 7.3, ihe same wawt 
form wes traced experimentally but hore, we have traced I 
theoretical by linking SHM with circular motion Through 
the concept of angular frequency The agen gwes the 
‘Slates of tha systern in its vibrational сусе. For example. ûl 
tha sian ofthe сусе = 0, Hall very through the cycle, is 
180? {т radians]. When 0 = 270° (or 30/2 radians), the 
Cycle is thrae-fourth completed. We call} as the phase of 
the vibration. Thus when quarter ef ihe cycle is completed, 
phase of vibration is ӨП? fort 2 radian), Thus phas fa айап 
related with the circular motion aspect of SAM, 


Tha velocity of point Р, at the instant f, will be directed along 
the tangent to the girdle at P and its magnitude will be 


As the motion of M on the diameter DE is dua to motion of P 
on the circle, tha velocity of M is actually tee componant of 
the velocity ve in a direction parallel to the diameter DE. As 
shown in Fig. 7.5 (a), this component ls 


We sin (ШП - 8) = ve cos Û = X, i cos B. 
але патоне ан aN ога speed vis 


ааа 
of the phase angle D. When @ ш between (^ to 90° the 
direction & fram © to D, for 0 between 80° to- 270", its 
direction ig from D te E. When 0 m bebween 270" to 380", the 
твојот of mation [s from E lû Г}. 


ч 1 | HENE 
From Fig. 7.5, cos в = cos NPO = NPYOP = 1 =i 28 
Substituting the value of casi in Eq, 7.7 


x 


Батак eh on the diameter DE is just the replica of 
the moon nf the polmer execuling SHM (Fig. TAL kü 

welnciy oof Me point Por fu. veli oF arly Бей; 
uxBcuting SHM is given by equations 7.7 and 7,8 in terms 
of the angular frequency w. Eq. 7.8 shows thal at the 
Mann position. where x = 0, the velocity is maximum and 


m the extrema positions where x = x, the velocity is zero, 


When the poit Р is moving on tha circle, |t has an 
acceleration a, = хл, always directed towards the centre О 


Al insten hits direction wii be along PO. Tha accalerabon of 
ed Pe DE eniin hn аР ү 
diameter DE on which N moves due to motion of Р, Аз 
shown in Fig. 7.5 (bk the value ef this componant is 
a, Sing = хош“ sino: 
Thusiheacceleraliona o Nis а= x ur sinl 
and It la directed fram Nolo ©, Le, diazad towards the 
mean: position C (Fiy 725-5) In tis figure sn d = ОЖОР = 
x/x, Therefore, 
acu. = oa 
LI 
ac ا‎ 7.5 [b and 7.4 (b) shows that the 
о of ncoskeainn а and displacement X аге 


арро la. Considering Ihe direction of x as ratenence, the 
леа арна ere 


ae 
Eg. T.B shows dho acceleration is proportional to the 
displacement and is directed towards the mean positon 
which is-ihe characteristic of БНМ; Thus the point M is 
executing SHM with the same arnplilude, period and 
imatantanenus displacement ms the pointer Py, This 
confer our assertion hat the motor at N is just a replica 
of fhe painiter's mation, 


Equations 7.5 and 7.7 indicate that displacement and 
velocity of the point executing SHM are determined by the 
engla = mt. Note that thea angle |а obtained whan SHM is 
` related wilh circular mation, isthe aiğl which Ihe rotating 
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fads ОР makes with the reference direcion ОСУ, al any 
inntian f (Fag. T.4 bj. 


aia N= 
The phase determinas the stale of motan of ihe vibrating 
point, I a body starts-ite motion fram mean position, jis 
"19 phase at thie point would be D, Simsarly at ihe extreme 
postions. its phase would be n/2- 
^H In Fig. 74 (b), we have assumed thal fo start with al t= 0, 
n ihe position of the rotating radius OP 15 along OO; so that 


7) , (he point М is at its mean position and the displacement al 
7 Гер, is zero. Thus IL represents a special casa. In general at 
Pa fed the rotating radius OF can make any angle q wilh tha 
i reference OO, as shown in Fig. 7.6 (a). In time 1, the radius 

‘os, °° willrotate by e£, Бо nêw the radius OF would make an 

angle (e+) wilh OO, at the instant Г and the 
displacement ON - x at instant ! would be given by 


E ON = х= OP sin (oot * 9) 


Now tha phase angle is uf 9 Le. 


a= mity 


мап i= 0, =g. So фіз he insial phase. N we take initial 
phage aax/2 or 00°, the displacement as given by Eq 7. 10 
in 


x = x, sin (sol + Bp) 


АЕ 


Thus Eq. 7.11 also DILLO E bid 


‘Practically, fora simple harmenic: 
пеген io ERR shown in Fig, 7.2 (a, b 
Сое at any Instant ia given by Eq, 7.2 


amplitude. 
the above ciel iris ie та, ihe vibrational angula 


frequency is 


Tha lire period of Ihe mass ia 


PET displacement sof the mass ва given by 
i r= ky final 


The relartatecurvelcoy v of e mass m ев gn by 


59.788 
veo ا‎ = fee ET 


Eq 7.15 shows that the toy c e mass ges maximum 
equal to и, whan x= 0. Thus- 
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then view pS ba m7) 


The formals danvad for Sa placement векі velocity are alse 
wald for virrticaly suspended mass-spnne systnin providésd 
air Friction ia престан. 


de 7.1: A block weighing 4.0 Ng extends a epeing 
wrsirachad pasen. 


by 0.16 m from’ ite The block is 

removed and a 0.50 kg body in hung from the same spring 

Miha spring is now anc (eh is a 
Jee dol 


Applied жеми lore F= ш koe 
Ezmg-akgxüBma = 29-2 kore” а 392 N 


x 1 =a ~ 
xe 016, к= PTT = Be ays? 
Now finn pericd T2257 
or T=?0 sae = 


„А йрн pendulum consists of a smal hamry mass m 


suspended by 4 Wohl string of langth f fixed at ix uppar 
end, ag: shown mi Fi 7.7. When such s pendulum is 
Шира} iro lis mean postion through a small angle i to 
fhe postion B. arid. released, It stats oscillating to and ira 
cover ihe gama path Tha weight mg of the mass can be 
feared Ine two components; mg sin f along the tangani 
ай Б and mg cos Ê along CE- td balance the tension of the 
airing, Thé restoring force at BE well bn 


F = = mg ain fi 
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Whar nis smali, ain tl = i 
Or pz 

= АТАН. 
Bur (e 


. Wen & ls smal Are AB = DB = г, hence b= = 


AL sweets chi‘ p cul eat = our дарылаш 
Гаваа 


* Thorafora, Tk (а constar] 
ond ias mation of we ampe pendulum re ampie агты. 
Comparing Eq. 7. T9 with Eq. 7.8 


ака E 
n 


т= 28 
м 


As lima paricd 


i51 


1 Е ег the case of a vibrating mass-epring 
system. When the mass m is pulled slowly, the spring is 

mmüurnt x, agains! (he elastic restoring 
force F. tis assumed that batching is done slowly so thal 


The Eq 7.21 gives ihe maximum PE. at the extrema 


noe 1 
РЕ. Ex 


At any instant, if the displacement iE x. then PE at thal 
Instant is given by 
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EN LU AI 


Tha velocity at thal inslant is given by Eq. 7:15 which is — 


Hence the KE at thal instant is 
ct ote jura destin) 


Thus, kinetic і ds maximum when х= 5, ta, han the 
mass іва ади ss fst БД B) 


the ш partly РЕ, and 
for any displacement x energy in partly partly. 


‘Emit РЕ. # KE, 


of the mass, when displaced is converted info CE. at the 


153 


SHAS 


equilibrium position. Tha К.Е. is converted into Р.Е. as tha 
mags nges to tha top of tha swing. Because of the frictianal 
faces, energy i& diesipabed and consequam, the systems 
do nit oscilat indafinikely. 


Example 7.3: A aping, whose sping constant is 


80,0 Мт! vertically: supports a of 1.0 hà in the resi 
position, Find the distance which tis mass musi be 
pulled down, 20 thal on boing released. |f may pase ihe 
mean робот with a velocity of 1.0 ma’. 
Solution: k 

ic 0.0 Nm " 5 ams 10g 

К =LA ur = д 
ince a ur E E 

л Bom! BO кт = П 
E [eu E Td B.54 € 

Let te ampliivde of vinralicn ba Ee 
Than LET m] ar „= > 
ET] yz10me" and a BSA aT 


Distance through which mis pulled » x, = 19. = 0.11 m 


Piet 


A body bs sald to ber comouting Aree: vibration when [t Сеи 
Wilhou the intertenarice of an extemal force, Tha frequency 
of hese fea vibratkana is Known ав. Из natural frequency, 
Fo example. a simple pendulum wher slightly displaced 

from Hè mean postion vibrates fee with ts natural mauency 
thal depends aniy upan The length of Ie: pendulum. 


On the other hend, if a freely oscillating system i subiecind 
їй ап ахта. periodic force, men forced vibrations will 
lala place Such as whan ihe mass of a wibraling 
pendulum is. siruck nepealediy, than forced vibretions aro 
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The am ne p ичүн body mum by the runnimar of 
engine is an example of forced vibrations. Another example 
of tweed vibration is loud music produced by sounding 


wooden boards RAN instruments, 


Associated with the motion nl a driven Һагтопас êa aor, 
there is a very striking phanomenon, known as resonance. 
It arises |f ihe external driving force is periodic: with a 
period comparable to the nature! period of ihe caciliator. 


In a resonance situation, the driving force may Be feeble, 
the amplitude of the motion may became extra ardinarily 
large. in the case of cacillatimg simpe pendulum, if we 
blow to push the pendulum whernewsr It comes In front of 
cuir mnuth, itis found that iha amplituda steadiby increase. 


To domonsiraie this resonance effect, an apparatus is 
shown in Fig. 7.5, А. horontal rod AB is supported by two 
strings 5, and S+ Three pairs of pendulum aa, bbî and сс' 
am suspended to this rod. Тһе length af each pair is tha 
aame but is different for different pairs. if one of ihesa 
pendulums, say c, is displaced in в direction perpendicular 
in tha plane of the paper, then is resultant 

motion causes in rod AB a wery slight disturbing mation, 
whose period {8 the same as ihai ofc’. Dus io this slight 
motion af the rod, sach of ihe remaining pendulurng (BB; 
band ac) undergo а slight periodic. motion. This causes 
the pendulum c, whose length and, hence, period ts 
exacty the same as that of c, мз oscillate back and forth 
wih отау (гистар amplitude, However, the 
ampiitudes of the other pandulums remain small through 
eut the subsequent motions of о and c bmsosusa thes 
hatural periods are not the same as ihat ot the disturbing 
forge due 1o rad AB. | 
ii Baa vei Чырае rore iei وور‎ 
Al resonance: the transfer of energy Is maximum. , 


155 


Advantages And Disadvantages of Resonance 

We cons acrmss many exdmples of resonance in буагу 
day he. A swing а B8 good example of mechanical 
resonance. Il in Lice а pendulum with п segle natural frequency 
dapending on As lange. fa series af regular pushes ane 
given fà the swing. [E metian can be built up enormously ff 
pushes are given irregularis the swing will handy vibirabe: 
The column of азый, while marching on & bridge af lang span 
аге шүк in break their slaps Their rhythmic march might 
seb up necillatinns of dangerously large amplitude in the 
bridge вота: 


Tuning a radio ie the best example of electrical resonance, 
When we turn Ihe knob of a radio, to tune a Bor we ase 
changing the панаа! Iraquency of the electric circuit often 
receiver, to make it equal to ihe transmission frequency of 
the radio station Wish thé two frequencies match, energy 
absorption is maximum and this i& the сту або wa hear 


Ало” good sample oí resonance i He heating and 
cooking of food very. eifisenily and evenly by microwave 
oven IFig 7. 101 The waves produced m This typa of oven 
have § wavelength of 12 cm at a frequency of 2450 MHz 
Al thie frequency, ihe wives are absorbed die te 
resunarnce by Water and fal molecules in the food, heating 
them up-and so cooking the food: 


This. is а oorimen observation thatthe amplitude ofan 
usciating simple pendula decreases gradually with firmus 
ill it becomes żero. Such oecillafons, in which the 
троше decr&gses-stendily with Шпте, are called damped 
oscillations: 


We know from our everyday gipirience that (he motion of 
any Macroscopic System] is весотрапів by tictional 
effecta; While describing the motion of -simpla pendulum. 
ihie-afpct was completely ignored. As fhe, bob ol ihe 
риши moves Ter dnd fre, then In addition io ihe wesght 
af the bob aed the tension in Tha sirimg bob experiences 
vigcnus drag due tc its motion through te-air. Thus simple 

00 Lreciurmpad hatmonic motion is ап idealization (Fig. 7.11 a]. Из practica, 
Fig. * ATO] ihe amplitude of thia motion gradually becomes smaller 
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and smaller because of fricion.and air resistance because 
the energy of the oscillator is Weed ip in бийге work auis 
ine resigilve forces. Fig. T, 11(b) shows how the amplitude 
of a damped simple harmonic wave changes wilh ime as 
pompared with an ideal ur damped hirrmonc wi Thus 


Flu: rit 


absorber of a car which provides a damping farce tà 
prevent excessive n&cillatiens (Fig. 7. 12E 


Fly, кай 


such. аз = lead bob of equal sive, ib a rod as shown in 
Fig 7.9. They аге set into vibrations ty -8 third pendulum 
af equal length, attached io the. same rod. Il is obmerwed 
that amplitude of tha lead bob is much greater Wan hut 
p ine plth-ball, The damping effec] for ihe pltheball due 
ip gir resistance iB much greater than for (mr Mead bob 


"SUMMARY | 
Osciliatory motion is 1o and fno motion about a mean position. 
Periodic motion is ihe ane that seats Asal! altar equalintervals or tima: 


» Restoring force qnaa ee Sr ate m ышы шы or length (of a body and is- equal and 
apposite to applied force. 
a A vibratory mobos in which acceleretinn a dineclly proporkonal bo displacement fram 


тиим position and ki aayo dineclod tardi The mean gapili i küwi du imple 
harmonio motian. 


* The prejection-of a particle moving in a circle executes ЗНМ. Its time period Tis: 27 


* Phase of vibration is the quantity which indicates the state of motion al а beating 
particle generally referred by the phase angle. 
* TIENE NOR SER must ste d Kran Hen ani BHN one Meme 


period is T= 2n ү" 
s“ Aa A bob af sirpia pendulum їв also SHM and its time period 


is given by 
T=2n E 


*. In an caclllaling system РЕ. and К.Е, interchange and total energy is conserved. 
* Á body is said to he execuling free oscillation if if vibrates wiih its gwn natural 
frequency without the interference of ar extemal farce. 


7 Wien s freely oscitating system is subjected in an extemal periodic force, ther” 
forced vibrations take place, | 


* Resonance is the specific response of a system to a periodic force acting with the 
natural vibrating pariod of the system. 


= ‘Damping la the process whereby energy is dissipated from the oscillating system, 


QUESTIONS 


71 Marre two charactarisiics of simple harmonie motion. 


72 Does fraquency depende on amplitude for harmonic oscslators ? 


TJ Can we realize an ideal simple pendulum? 


af ДГ, isi 
E EXIT 


7,4, What le the total distance travelled by an object moving with НМ In a tima aqual to 
lis period, if ie amplitude is А? 
7.5 Whal happens tà the period of а simple pendulum if i length is doubled? Whal 
" happens If the suspended mass la doubled? 


TS Deas ihm acceleration of s simple ватана. oscilainr remain constan during its: 
mation? Is the accaleration ever zero? Explain 

7.7 Whal is meant by phase engin? Does it define angle between makmum 
digniarement and the driving force? 

TE Under what conditions does the addition of two simple harmonic motions produce a 
resultant, which i& alse simple harmonic? 


79 Show that in SHM the acceleration is zero when the velocity is greatest and the 
vedocity Is zéro when the accaleralion is greatest? 


7.10in relation in SHM, explain ihe equation; 
ti ү=А нїп [ш Ё+ф] 
{3 жа-ж 


7.11 Explain the relation babween total energy, pabential energy and kinetic energy for a 
body oscillating wih SHM, 


T 12 Describe some common phenomend in which resonance pays an important role, 


Т.1317 a mass spring sysigm is hung vertically and sot inio ascsitations, why does the 
motion exarntually shop? 


NUMERICAL PROBLEMS 


7.1 А1000 g body hung on a spring elongates ihe: вре by 4,0 cm. When à certain 
óbject 1a hung on the spring eng bel vibraling, its penod is-0.508 s. Whal is the 
mass of the object pulling the spring? 

(Ans. 20 kg) 


TI Aldag of 15.0g alangates a spring by 2.00 em. IT body of masas 284 gis attached to 
the spring and їз set into vibration with ar amplitude of 10,0 cm. what ws be its 
YF parod {m spring constant (iji) maximum seed of it vibration, 


{Апв: [0 1.268, (1) 7.35 Nm 1 490 oms] 


73 An BU kg body execuies SHM with gmripiitode 30 on: The resinring force is S0 N 
when the displacement i30 cm. Find 


ul Perigi 


(il) Acceleration, speed, kineBc enengy and potential anergy when the 
diaplacarnent ls 12 cm. 


[Атас {1} 1:3 8: (0 3:0 ms, 1,4 mg, 7.6 J, 1:44 4] 
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TA A tock of mess- 40 kg is dropped frome height of D. BO m on ta a spemg of spring 


FG 


3 


constant k= 1860 Nm’, Find the maximum билги through which the-spring will 
hé compressed. 
: [Ani 0,18 m) 
A simple pendulum is 0.0 cm long. What will ba its Trequericy of vibration at а place 
whara-g = 9.8 ms ^? 

(Ans: 0.70 Hz) 


A black of mass: 1,6 kg Is-attacmaed 10 а Bering-with apring constant 1000 Nri", as 
shown in Fig. 7,14. The aprire is compressed through a distance of 2; 0 cm-arned the 
block is released from rest. Calculate the velocity of the block ан it passes through 
rhe equilibrium рові, x = Û, If the surface is frictioniess- 


| | [Aris 0:80 ms) 
LI 
— – = 


Ж = шт 


A car of mass 1300 kg is constructed using а frame supported by faur-springs. 
Each spring has a spring constant 20,000 Nr, If two people riding іп the car have 
a combined mass af 160 kg. find the fraquancy of vibration of the car, when IL is 
driven over a pes hole in fri road. Assume the weight ia evenly isis: 


(Ans: 1,18 Hz) 


7.5. Find the amplitude, frequency and period of an object vibrating at the end of a 


spring, IF the equation for its position, as a functiarr of tire, is 
[= ТЕЗ 
х= 0.2% coe Г] Ї 
What is the displacement of the object affer 2.0 $7 


(Ал: 025 m, -E Hz 165, «= 0.18 т) 


Ne ы) А 
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Chapter 8 
Peete en MAES SUC 


Learning Objectives 


AL Лаа of (his chapter lee stiur. will br able ter 


aono esma Шр ш 


Recall the generate avid propagation of warps. 

Denni ме паше cf tthe milere in transverse and langitudimal waves. 
Understand and use the Herm wavelength, frequency and spaad of Weye: 
Шии nnd ane he oguata w= fX 

UnGerslind and describe Newtons Киттша af speed af sound, 

Derive Laplace correction in Newton's formula of speed of sound for air, 
Dates the etnik ye v,» 04114 

Recognise aed descrite the factors en whch spomd of sours ir air depends 
Explain and use (he princes arsuperpasitian 


‚ Understand the tons intererence and best. 


Describe the phenomena of intertareece and beat giving examples of sound 
Understand arid Саг Вне reflection of wend 


‚ Describe experiments, whith demoni uintionary waves for stretched strings 


and vibrating alr calimmm 


. Explain the fammalian cf а stationery wave using graphical mathad. 
; Understand the terme node and antinode- 

ў Linderstand ата describe modes <M vibration ОГ wring. 
‘Understand and desert Doppia ате! and ia causes. 


Recognize the applications sf Dopplers effect irr nita, эрг, astronomy, satellite 
ane) radar epee traps 
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|! 

WW... anspor energy withoul transporing matter, 
The anergy transportation is. carried by а disturbance, which 
spreads out from.a scarce. We arê well familiar with different 
types of waves Buch ав water waves m tna ocean, оғ gently 
formed ripples on a Sill pond due to ram drop. When a 
musician plucks a custar-sizing, йай wires are Generated 
which am reaching our ear, produce the senssdier of rmisic. 
Wane disturbances: may also care in a concentrated birdie 
like ther shock waves from an aeroplane flying 21 supersonic 
apeed Whatever may be (hne nature of waves; lho 
machanism: by which It transporte energy is ihe same. А 
Succession m oscillatory mations are always invotved. The 
wave is pònoralgd by an cecittation in the ventana body and 
proópagabon ol wave: ihrcugh spaco ы by maari ol 
asalllationis. The waves which propagate by the oscillation of 
таныг! particles are brown as mechanical waves 


There es anothar class of waves which, intend of mataria 
paricles: propagata oul in space due to пес зііопе of 
decre and magnetic fields, Such waves ark known as 
electramagnaelic waves. We will undertake the study of 
Sectromagneiic waves at a later stage Here we will 
consider tha mechanical waves only, The waves genersiled 
шү fopes, strings, coll of springs, wader and air are all 
machanical waves” i 


So lur we have been conmsidéring moton ol пенса 
particles but in case of mechmnleu! waves, we Шу the 
collective mothan af purticies: An example will help us 
here, I you" look at u block: ard white picture п и 
newspaper wih u magnifying glass, sou well discover that 
the picture ix made up of many closely spaced dota, I vou 
do not use the magnifier; sii ШЕ} not see the dita. "АШ: а 
‘soc ik the collective effect odoin the form ofa perine 
Thus what we see ns mechanical wave is actually the effect 
pf oscillations of a very large number of particies of the 
medium throughs hick the wap b растр, 


Drop a pabble into water, Ripples will be produced and 
spread aut across ihe water. The ripples are the examples 
of progressive wives bucaumo they Garry TEY across 
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the water muc. A wow, which талаага energy by 
moving away Imm the source of disturbanee, Is called a 
рода клы cesa casei dle Ue 
Progressiva waves = transverse waves and 10 

WBVBB- 


ree and Longltudi tal VV 


Consider two трет opposite enda of а горе ar в 
зерре Suddenly ona: person gies ami up arid down jerk bo 
the rope. This disturbs lhe rope and creates a hump in й which 
trevvalsalong the горе towards the other person (Fig. B. 1a & b). 


Whon (hit hump reaches the other person. it causes his 
hand foo move up (Fap. 8:1. c) Thus Ihe enemy and 
momenium imparied to the end of the rape- by The first 
paraon has reached the ather end of the rope by travelling 
through the rope |e, a wave has been sel up on thè rope 
in the farmi of à moving hump. Vra call thie Typis ol wave а 
pulsa. The fanward medion ûf the gulse from ena end af the 
rope to the other is an example of progressiva wove, Tha 
hand jerking tha end of the горе is the source of the 
wawa. The rope bs th medium in which the wave moves. 
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My, Baim 


A large dnd loose spnng ood {slinky spring) can be used іс 
demonsiaie: ihe seri of the moion of the source in 
generalina waves: in a medium. ii la better thal he 


-aping [в laid on a smooth table with Its one end fixed 


so that ihe toping does no! sag under gravity. 


If thee free end of the spring is vites from side bo wide, n quidc 
of wave huving s displacement patter ism in Pig. 82 (a) 
will be penenied wipe] ise aie The prm 

Бе end of the spring is moved back and font: along the 
direction of the spring Asell aa shown in Fig: 8.2 (bi, à wiwa 
with back and fort displacement will travel alam the sping. 
Waves lke-those in Fig. 8.2 (a! in which displacement gi ihe 
spring & perpendieuisrin the direction ol the wata nm 
Called irgrmvarsn waves. Waves lika those in Fig, 82 (b) in 


» Which displacements are in the direction of propagation of 


Waves gre called longitudinal waves. In this ear pla the coll 
of spring the madiun so in general wa can say that 


Both types. of waves can be set up in aoe. in Tuda, 
howewer, iransverse wares did Gul very quickly and 
usually cannot be produced si all. That bm why, soune 
waves In айг Ага longitudinal In nature 


Шр now wma have considered wave in tha form of a pulse 
which le set up by & sinigla disturbance in e madhsm les the 
snapping óf ane and af a rope ar a coi sping. Continuous, 
regular and rhyshimic disturbances irr a medium rest Irom 
periodic vibrations of а source which cause përodio waves 
їйї thal rnessium, A good example of à perindic vibrator is am 
tifing mass-spring system (Fig 8.3 a), We have already 
shxBed m the previous chapter that the mass ol such à 
Byler воне SHM. 


1&4 


raf ‘experiment where one endof a rope is fastened 
in a mass peng vibrator Ав ihe mass vibtetes up and 
down. we chssree A transverse paródie wave Wrievislling 
Wong ihi length of too (Fig. 8.3 b). The wave consists of 
eres and trougna; The crest ls a pattern i whieh Ihe горе 
is displaced abave lls equilibrium podion, and in troughs, 
hed а digpiacemoant bolpw its equilibrium postion: 


Aihe апше anes Harminc пашта ата dom wh 
итро А, and: Trequency 1 Healy Every point along rhe: 
етіп. af the rope executes SEM in Turm, with har вагта 
Amplie and Iraquancy, The weave tala towards right: 
йз Gash and ouga In turn; replace ang-anather, but tha: 
pcenis cn te rope simply cmeillalss ue ad down The 
amplitude of the wave it "ws maxerium Valle of the 
displacement in & crest ef irough and Hi equal to Ша: 
amplitude: of ite vibrator The distance between any two 
conssculive crete or laughs im the same all along Ihe 
length of the rope. This distance is ciad the wavelength 
of the periodic wave and is usually denoted by the Greek 
заа їшї л (Fs, FB] 


In ag ihe speed of iha wave con ba resumed by 
liming the malian of a wave. crest aver a measured 
distance But itis not siwaya convenient in ebserve the 
malon ef The: crest Am discussed below, heowivar, the 
speed Of n periodic wave can be found indirectly from Bs- 
froquency and wavelength. 


AS а wave prognesses, each point in the medium oscillates. 
penodicalby with the frequency and period. of the source, 
Fig. 6.4 illustrates a periodic wave moving to the right, as it 
might look. in photographic snapshols taken every 14 
penod Füllgw the progress of ihm crest ihal stariod aut 
from the еттт felt ad Ї = 0. The tine thatihie crest takes. 
in move a distance of one wavelength іе equal to the time 
required) for a point incite metum to ga. thraugh onm 
complete. oscillation, That is the crest moves- one 
wavelength Û in, one period oF oscillation T. Th speed V of 
the Great ls therefore, 

distance mowed 2 


Camme ЫЫ س اہ‎ = 


corresponding ime inaral Г 


ш 
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Ай parts of the wave paltarn move with the same speed, sg 
the speed of any one crest. is Just the speed of the wave; 
We can therefore, say thal the speed v of the waves is 


ds EE 
= ade ra 1 
y: T ; [8.1) 


but £ = f, where f is the frequency of the wave. It is the 


зате as the frequency of the wbrator, generating the 
waves. Thus Eq. 6-1 becomes 


agree чуо, at peers WEVES egre by a source 
axeculing SHM is represented Бу a sine curve. Figure 8 5 
shows the snapshot of a periodic wave passing through a 

medium. In this figure, set of points are shown which are 
moving in unisen as ihe periodic wawe passes. The points 
C and С”, ag they move up and down, are always in tha 
same state of vibraton iB. they abways have identical 
displacements and velocities. Alternatively, wa can say that 
as the wave passes, the points C ad C movie in phasi 
We may also say that С" loads by one tims period ar dr 
radian. Any paint at a distance x, C kage behind by phass 
anga фиды 

So is the case with polnis D and O . Indeed there are 
infinitely many such points along lhe medium which are 
vibrating in phase. Points separated from one-anoiher 
through distances of X, 2X. ak, ..... are all im phase wiih 
mach other. These points can be anywhere along the wave 
and need nol cormespond with anh ihe highest arid lowest 
points. For example. points such ав P, P^, P" parc 
iw АЙ НҮ O EA SEE o DU nE Р 
Шапо А. 

Soma of ihe points ага exactly сай of step. For example, 
when point È reaches its maximum upward displacement, 
at the same time O reaches la maximum downward 
digptacoment Al tha instant that C. bagina to-go down, D 
begins to move up. Points such as these are-called one 
half period аш of phase, Any two points separated thom 
ane molhar Бу 2.35.65, це are cel of phase. 
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Iri Ths ran aectian we have eonskdered the qanaratian 
Of Пешина periodic wareg, Now wie will see flow the 
longitudinal periodic waves can be баретата и. 


Cónsider a coll of spring as shown in Fig. 8-6. IL ia 
Suspended by Threads so ihal it can beate. harigentstly, 
Suppese an oscillating force F is applied to fe end ss 
indicated. The force will атаве ster and compress 
(ha spring, thereby sanding a senes of stretched regions 
(called rareiactinn] and compressions down the spring Via 
will dee the oscillaing foree causes à longitedinal wave 1o 
move down fna spring. This typeof wase genermbisd. in 
&nrings ls Also called a compressional weve. Clearly in а: 
баттаата! wwe, Tha gearticies in Ihe path of wave move 
back and forth along tha line бї propagaian of twr weave. 


Месе iri Fig, 8:6, Ihe supporting threads would be exectdy 
ушшнй IF thi spring wert undesburbed. The dishatance 
pessimg down the spring causes displacements of the 
elementa ûl the saving from thelr eguillbrium postions. In 
-Fig.-B. B, tha displacements of the thread from the vertical Мы 


аге а direct measure of the dispisicemants of the spring onc $6 
elemunts, It is, отага, an easy way to graph the id nf anm media 


displacements of thia spring elements trom Hair exquilibriur ‘Speed 
positions and this |в done In the lower part af the figure n Ld 
SESUSPEEDOFSOUNDINA- US = ш 
Süund waves Bre the mest important &xamples of legten Pia 
longitudinal or compressional waves: The speed of sound Giza sang 
waves depende on the compressibiity and inertia of ihe анс 
medium through whech ihey are EVE ig. I tha madim has Watt aval my 
ina elastic modulus E and deity then, speed icis gwan by Ий = 
Ed. Kea i JE Ae qu. Daten е zm 
dfi Ы ж” EI ] " ї pn 1 
gh. MES MEN. 1r 
T Ham Hn 
Am seen from ihe mbie 8.1, the speed of sound iE much Hydngm ish 


higher in solids than in gases, Thin makes sense because == 
ihe molecules in в вой. sre closer than in a ges anal 
hence, apond marê quickly To a diburbance. 


in general, sound traves more slowly in-gases than in 
-Bolids because gases ane mone comprissibla and hence 


[7 


s smaller ease modulus. For ‘Calculation: 
Taye rA ا‎ 1 E 
sound wave traves through air, Ihe Temperature of Ihe air 
during compassion rema conBlani and pressure 
changes trom P to (PAF) and thereon, the volume 
кай ch abe کے اا عن وا‎ iral 


E J TE TPA Yea rere 


The product AP'AV is very small and can be neglected, So, 
ihe above equation becomes 


PAV- VAP = prey eA ЕЕ 
y 


The enses [у isthe lasts modulus at constant 
" 
таге, Sa, substituting P for E in equation 8:3; we 


Temper. 
get Newton's formula for Ihe speed ot sound in air, Hence 


O DOE Wes мабла Wf REA e рерге ait 
density of alr at STP in equation 8.5, we find that the 
speed of sound waves In air comes out in ba 280 ms", 
whereas ils experimental value ї 332 ma. 


Ta-accouni far this difference, Laplace pointed out that the 
compressions and rarefactions pacar so rapidly that heat of 
compnessiens renin confined 10 Mha agian минама i ds- 
Qeneraied and does not have time to Dew fo the 
neighbouring cooler regions which have undergone -an 
expansion. Hence Ihe temperature of the medium does not 
eie edem ee T Doyle's taw takar ihe form 


+ Mou capiciic паа! geet Con weston | 
MI —. Mainr sprae hügl af ges al coriskant volume 
CER UN rhea GU REE NE 
tp (P^ AT and volume changes Tram Меди: = АМ}, then 
using Ед: 8.8. 
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PY" = (P+ 4E EV E avy’ 
ру! sesam |i ET 


Applying Восы tiana, 


4 22: alder 


Hence pause | 
ar APO PA yan rap i - 


2 h; 
ا‎ ap 3^] i negate: Hence, we have 
б= ке M jap 
V 


or ST shar 


% 


Hance, substituting the value of elasbe: modus in Eq. 8.3, 
we gol арбаса. papneasion lot ine spond PEN ERAS 


For alr Т= 14: soa S.TP. 


меча #280 та '- 333 ms"! 
This каша 8. very elata ta thd exporimantal value. 
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| Effect t Variation of Pressure, Densit 


Temperatui n the Speed of Sound in a Gas 


1. Effect of Pressure: Since density is proportional 
to the pressure, the speed ef sound is nal affected by a 
varation in the pressure of ihe nas 


2. Effect of Density: At ihe same lomponalure and 
pressura for ihe gases having tha same value of î, the 
speed & inversely proportional be ihe-square root of 
their densities Eq. 8.7. Thus ihe speed of sound in 
hydrogen is four times fs speed іп oxygen- ss density 
el axyqen dy 16 times thal of hydrogen. 

a. Effect of Temperaturo: When а gas is healed al 
conatant pressure, Its volume la Increased and hance 
4s donsty is decreased, Ав 


ie 
i 
Бо, the speed is increased with rise in temperature, 
Lal 
мо Speed of sound at оС, @ = Density af qas at D 7C 
w= Speed o sound аі С — , д = Densi of gas at (°C 


than „== and veda 
тА а ia 
1 | XA! 
^ „Мк ру, m T. 
Hence, Ya = P. SELL (8.8) 


Wa have sludwd {he vòlkan expangeon of gases in 
prevkxis classes. Н V. is ihe volume of a gas al 
béemprrabuse D "D amd Vis volume gt EC, then 


Viu (1 + р 
haê fl i hû coefficient of volume expansion of the gas 
For all gases, йв value |в about m Hence 


e A 
vev н 


pu 


mass 


Since Volume = -= 
density 

mo mioa 

LT pe‏ چ د 
O ЛЫГА | 5]‏ 


аг пн) [ DeYouxnow? | E › 


M ta valig Ol Ps in MER ga we паче, 
P. д - M 
СААЛАТ, ó (8:9) 

ENTE Lh] 


whare T ‘and Ti am the absoluta temperatures 

coftesponding to ! "C and O "C respectively, Thus, the Э ter! rend ol ины 

speed af sound: vanes directly as ihe square rool of 

absolute temperature 

Expanding ihe RH. of equation (8.9), using Binomial 

theorem and neglecting higher роба, wa hawa 
vests ero oua Pal 
Vg |. б. 548 

As v, 332 me" 

putting this value in ihe 2" factor 


чс چ‎ 


Fae fan fun sped of soon. 


Thier vm un T і 
: 54b 
or ме +08] F j | : Ww үлгүү үч A (8.11) 
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Ж рк 
| Fig HF | 
ШОТТ зл PRINCIPLE OF SUPERPOSITION | 


aT Sa far, we have considered single waves. What happens 


when bao Waves encounter each mihar in tire- same 
Ж гъ medium? Suppose two waves approach each other on a 
сой af spring, ona travelling tewarda the right are the mhir 
travelling towards lof, Fig: 8:7 shows whal you would see 
happening on the spring. The woven pass through each 
other without Being modified, After the ассит, each 
wave, shape looks just аш it did before and i$ bevelling 
sinn just aa Йй was before: 


This  phenarmenón of passing Through each olher 
сап be observed with all types of waves: You 
caneasih sea hal I Iie fer surface ripples 


Bul what is going oneduring the time when tha buc waves 
ovenap? Fig. 8.7 [cj shows that the displacements thay 
produce just add up. AL each instant the apring'a 
disctacement at ary. point in the ovedap region a Hest the 
Sur al the displacements thal wnule be саи by each dr 
ihe two waves separately. 


Thus. a particle of a madim & simultaneous) gated 
upon by n wives such thet Иш deplacement Оце fo each of 
the: в) np HERS ba yn ys sus 4 Ke then Ine 
resultant displacement oof ie particle, under tha 
gimultameeus action of thesen waves |s te sigebrac sum 
jûl add the desplacemants Eae. 


vey yt. 3 * yu 


This iê Ted: princio af superpeslman 


Hz 


Again, if “bare waves which cross --sach iher. have 
ойра chase: their freulient displacement will. be 
Үү ж үү = р 


Particularly П у! = үр {йеп result (paceman те б. 
Principle nf superposition leads io many’ interesting 
Phenomena wilh wows: 


| Two Wives having same frequency and 
fraveliing in the same direction (Inberlerence), 

ij Two wives of slightly different frequencies and 
travulling in ihe same direction (Beata) 

Ш) Two waves of equi frequency travelling i 
opposite dinctinn (Stationary малак}. 


Superposition of two waves having Ihe seme Pequency ` 
and (пима |n Ihe same diochon пий in а 
phiesmamarnon caled interference 


“An experimental sat up to observe interference: effect in 
ound wawes: im whow in Fig; В.В (9) 


Fg B Î 


Вожиб ci ши versum 

Horis ^s e. p; aie bavi ef Cilicum mania. 

Paes H, eral н! Pun pois cy eros (їйїн нр. 
Two loud speakers S, and S; aci as two sources of 
harmonic sound wayes of a fixed fraquency produced by 
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An audio generator. Since the two speakers are driven (rum 
the same generator, they vibrate in phase, Such sources ni 
waves ane called coherent sources, A mictophone attached 
io a sénditive cathode my oscilloscope (CRO) acl of а 
detector of sound waves. The CRO isa device to display 
ihe input simal into waveform on Из screen, The 
microphone i& placed at various polis; tur by turn, in 
front of the loud speakers ал: shown in the Fig. 8. 5 (hy 


AX points Py, Pa and Ра a large signal is sean on ће CRO 
iFig. Bie}, whereas ві poris P; and P, na signal: is 
displayed on GRO scneen (Fap E (dji This affect is 
explained in Fig. S.B 4b) in which compressions Bnd 
mladina are allemately emitled by both speakers. 
Continuous lines show compeessión mand dotted lines 
show rarnefactions. At pomis P, Py end Ра, we find that 
compression, mats with a compression. and rarefaction 
meats a rarefaction, So, ihe displacemant of two' waves 
ae added up ві these polna and a large resultant 
Gaplacement. is-producad which is seen on ihe CRO 
sareen Fig. 8.8 (c). 


How Eram Fig, В.В (bj, we find-That the path difference A3 
between the waves atthe point Р; ia 


ASzSP;-S,P, of ASR AE 


Similarly at points Ру and Ps, path differance is zéro ard =), 
Nea pec lively, 


Therefura, jhe сопот Tor constructive {їгїт сап 
ba writer ва 


Аб = ПА. ; pida ee HAA] 
whara n-D, AT $2; 83,......... 


At points P; and Py. compression mems wilt a rarefaction, 
ag ihat they cancel each others effect The resulimnt 
ddispiscarment becornes ser. as shown in [Fig -B.84]] 


Now lel wa саве The palh- diarana — Between Tha 
saves at paints P, and Pi For point Ру 
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48 EB, “БР; our 48 =й -J ihe ; & 


Similarly ai Р. the path difference is — 7). 


Tuning forks gre ot pure notes Tangle frequency), W hwo 
tunina feria Ж, and Bool the same frequency say 32Hz are 
sounded separately, they will give aut pure notés. If they are 
Bunter sirnultangausly. it will ta diffecull ta differanbate the 
nales of опе juning fork from that of the other The sound 
waves of the bo will be superposed on each other and. w 
be heard by the human ear 26-2 single pure note. If the 
luring fork Bim ded with same wax or plasticane, #5 
frequency will be lowered slightly, вау й becomes ЗОН. 


If nê the two tuning forks are seundad together, anole of 
alternately increasing and decreasing intensity will he heard. 
This note is called beat note or a baal which s due bo 
interference between the aound waves from tuning forks A 
and B. Fig. 8.9 (а) shows the waveform of te note emitted 
from a tuning fork A Similarly Fig. 8.9 (b) shows the 
waveform of the note emitted by tuning fork B. When both 
the tuning forks A and B ans soundad Together, tha nésullaint 
waveform is shown in Fig: 6.9 (cj. 


Fig. B.9 [c] showe how does Ihe beat note occur. AL sema instant 


X the displacament of the hwo waves is in the same drecton. 


Tho resultant displacenment is large and à loud soune s near. 
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Afer lika the displacement of the wave dua lû one tuning fork 
{в opposite to tha displacement of the wave due in the other 
tuning fork resulting in a rimum displacement ap Y; hence 
iaintsound or na saundis heard. 


Another 1/4 s later the displacements an again in tha 
same direction and à loud sownd la. heard again at Z i 


This means a-loud sound je-heard iwo times in sach 
socond. As thé differance of the frequency of the two 
tuning forks is also 2 Hz so. iue ind: that 


When tna difference between the frequencies of the two - 
sounds e more than about 10 Hz, thon it becomes difficull 
to recognize the bats. 


‘One can use beats bo tune а: Being nsimi, such as piano 
or Violin, by beating г note apenat a пов of known frequency. 
The string сап ieri be adjusted lir the cesined frequency by 
fighteningor Ioaseningi until na beats are heard 


Example 8.21. А tuning fork A produces 4 beats per 
second with another tuning fork B. fire found that by 
Edi 3 MIT suma wens Ке bast бено Increases to 
& boats per facond. 11 the frequency of A is 320 Ha, 
deine the одет o B when oes 


i Since the Мин! frequency le 4, Ine frequency 
of B is either 320 + 4 = 324 Hz ar 320 - 4 = 318 Hz. By 
оге В. ite frequency will decrease, Tus if 324 Har is the- 
orginal frequency, the beat frequency will reduce: On the 
ether hand, If iis 315 Hz, fe baat Ker C) WE O Ba 
which Is Ihe ease. So, tise original frequency af the tuning 
fork Bis 346 Hz and when loaded, itis 318 -2:3M Hr 


in an extensive. medium, a wave travels in all directions: 
from iis source wih а velocity depending upon the 
peogerlias of the madam. However, when hir wale cones: 


27 


across the boundary of two media, ом авая 
back, The reflected wiva hes the same 

PASA Бы B PAN бау eheu Mind ена 
nature af the boundary, 


Now we will discuss two most common cases of reflection 
il the boundary, These cases will be explained with the 
help of waves travelling in slinky spring, (А slinky spring is 
га loge spring which has small india tengih bul & relatively 
large зїн length). 

One end of the slinky spring is Tied to à rigid ‘support ona 
smooth horizontal table, When a sharp jerk is given up tothe 
free end of the Blinky epring towerds ihe side A п 


digplacemaent or a crest will trowel from Ires end to tha: 


boundary (Fig. &.10 a), I will exert a force on teunad end 
towards ihe side A. Since this end is rigidly bound and acts 
ав a danser medium, |! will exert a reachon force on the 
sping in орровйн direction; This force will produce 
displacement downwards B and a bough wil travel 
backwards wong the sening (Fig. B:10 b); 


From tma above discussion it can be concluded mal 
whenever a transverse wave, Travelling in à rarer medium, 
encounters a denser medium: | bounces back such thet ihe 
direction of its displacement in reversed. An incident crest 
an fefleckon becomes a trough: 


This- expenmantis repealed with. litle variation by attaching 
one end ofa light string to 3 s5nky spring and ihe other end to 
ihe rigid support as shown in Fig 0.13. If ne the spring @ 
gien a sharp jerk Towards A, a oest travels along the sining 


aa shown in Fig, 8,11. When this crest reaches ihe spring: 


siring boundary, it exert & force en ihe string warda the aide 
А. Басе [ne string has a small mass as compared io spring, 
it dots nal oppose: the mation af the spring: The and af the 
Spring, Eherefone, continues iis displacement towards A, The 
sping behaves as If iL has boan plucked ыр. In other words а 
crest is again created аі ће boundary of the apring-strina 
system. which ravels backwards along the spring. From this 
iL Сап be concluded art when a transverse ava {гаан 
a denser medium, is reflected from the boyndaty офа rarer 
medium, tna direction of its displacement romans the same 

An micident easi reflected as a crest We are already 
Tarniliar with the fact thai the direction of dsplacement is 
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reversed when there is change of 180° in the phase of 
vibration: Бп, the above conclusion can be written es follows. 


0 а transverse wave travelling in а rarer medium 
is incidant on a denser mediurn, it is reflected 
auch that il undergoes a phase change of 140°. 

ii] if а transverse wave travelling in a denser 

medium is incident on a rarer medium, il is 

reflected without any change im phase. 


Now fet us consider the superposition of two waves 
moving along а string іп opposite directions. Fig. 8.12 
jab} shows the profile of two such waves at instants 
1-0, T4, AAT and T, where T is the time period of the 
wave. We are Interested |n finding out the displacements 
of the points 1,2,34,50 and 7 al these instants aa the 
waves superpose From the Fig. B. 12 {a,b}, 4s obvious 


BTM TH 1e TTA4 BT. 
ب‎ аро VE ری‎ "Eres Pics ЕРА ag „4 
1 a r LI i * т $ a т 4 [|] 5 Т nr 
& 
d CODI ити | юш. oet T aem 
Ца олат ножа. ESE E E See "uy f D À тш 
TTE 


that the ponis 1,2,3, abc ane distant 4/4 арап, X being 
the wmweendgih of the waves. We can delennine the 
resultant displacement of these points by applying the 
Principle of &uperposdion Fig B12 (с) shows the 
resultant displacement of tha-polnte 1,3,5 and 7 al the: 
instants = 0, Tid, ТЇЗ, 3T/4 and T. Й сап be seen that 
the resultant displacement of these polnis is always 
zero, These points of the medium are known as nodes 
Fig. 8.12 (c) shows that the distance between two 
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consecutive: modes a 52. Fig. 812 fd) shows. the 
maulan displacement of the points 24 and ё at the 
instante t = Q, TM, TA, 37M and T. The figure shows 
iset these paints are moving wilh an amplitude whieh is 
ihe sum cr the ampliuxes of ihe component waves, 
These pois are known ss antinades They are situated 
midway Between ihe nodes end sre alex 2/2 арап The 
distance between a node snd fhe nest antinode 15 AA, 
Such а paler of nodes and anli-nodes 18 known as à 
Simlonary or slanding wave: 

Energy in.a wave moves because of the mation of e 
Particles of the medium, The nodes always remain at rest, 
зо energy cannot flow past these points. Hence energy 
remains “standing” in the medium between nodes, 
although it allemates between potential and kinetic forms, 
When the antinates are all at their extreme displacements; 
the energy stored is wholly potential and when they are 
-Simultaneously passing through their equilibrium postions, 
the anargy is wholly kinetic, 

An easy way іс generate a stationary weve if {п superpose 
а wave (revelling down a string with is refhection travelling 
in-opposite direction as exnisined in the next section, 


consider a ER ef length |. which is ‘Kept песне by 
clamping its ends sc that Ihe tension in tne string is F. 1f 
the string 8: plucked at Hs middle point, two iranaverse 
waves will ofigetain Trom this point. Cine of them will move 
towards the left end of the siring and the other towards The 
right end, When these weaves reach the ha damped ands, 
they ага reflected back Inus-giving rise to-slatonary waves: 
As tha-twoends of ihe sing are clamped, no motion will 
lake place there. So nodes will be formed at the two ends 
ood ene mode of vibration of tha string will ba as shown in 
Fig. 6.43 with the bo ends zs nodes with one-antinode in 
bebeegn. Visually ihe string seems bo vibrate in one loop 
As the distance between two conseculive nodes із one half 
of the wavelength of the waved sel up in the string, во in 
this mode of vibration, the lengih | of the string 25 


x o  X,-2l - жений (8.14) 


fg 453 


where û, is the wavelength of Ine waves sel op in this 
mode 


The speed v of the waves in the string depends upon the 
tension E of the string and лт. tha mass per unii kengih of 


the string. It is given by. vE «(rude e. 5 


Knowing tho speed v and wavelenglh x, ihe frequency f, 
ofihe waves ig given by 


ray LA T 
E Т ioc р, 

hoa ret E | 
Substituting the value fy — fico coe ABAT) 


2^ m 

Thus im ihe first mode of vibration shown in Fig. 8:13, 
waves of frequency f ony will be set up in the given string. 
H the same -siring is plucked from one quarter of tts hengih, 
again stationary waves will be set up with nodes and 
antnodes as shown in Fig. 6.14, Nolte that now he string 
vibrasies in two Ipops. This particular configuration of modas 
and anbodes has developed because ihe string was 
plucked from the position of an antinode As the distance 
between two consecutive nodes is half the wavelength, so 
the Fig. 6.14 shows that the length / ef -sting в equal to 
the wavelength of Tha waves sat up in this mode. If A, a Tha 
measure of wavelength of these waves, then, 


riba (8.18)‏ وة 
A comparison of this equation with Eq. 8.14 shows the‏ 
wavelength in thie case. ts half of that in the first case‏ 
Ед. B.18 shows that the speed of waves depends upon the‏ 
tension and mass per unit length of ihe string. It is‏ 
independen of the paint Irem whara the string le plucked‏ 
io generate the waves. So the speed v af the waves will‏ 
be same In two cases,‏ 
If f; їз frequency of vibration of string in its second mode,‏ 
then by Eq, B-2‏ 


va pri =6 or ol .. 1818] 


Comparing il with Eq. 3-15, we get 


TRO 


i, = 2f 


Thus when tha string. vibradgs: in twno-Ipops, its. remrency 
becomes double than when tt vibrates «1 ome тоор: 


Jirny by plucking the string property, IL. can be made io 
vibrate in 3 longs, with nodes and antünodes- as shmwn in 
Fig. 8.15. 


In this case the frequency of waves will be F, = 3 fr and tha 
wavelength will be equal to 27/3. Thus we can say thai if the 
airing E made 1n vibrate in n doops, the frequency af 
stationary waved set up on healing will be 


Lr EE 


i: Ses NEC be Ua арк beaten КИЙ ЖЫ iore 
joopa, . its nci goes an P iei and pe 
Wwavelengih gels comespondmgly shorter, However the 
product of the frequency and wavelength is always equal 
la: v. the speed nf waved: 


The above RES, снай establishes hab the 
sialinrary aves fave a discrete sui af frequencies ^, 2f. 
3f s, nh which is known вв harmonig series. The 
fundamental frequency f; corresponds to the first harmonic, 
Ihe frequaney h= Z f, cormeapornda to Ine second harmonic 
end so on. The slationary wines can be sef up on me 
string only with the frequencies of harmonic series 
Setorménsd by the version, length and mass per unit length 
ol the sting. Waves nol im harmonii senes are quickly 
Gamped out 

The frequency of a-string оп а musical instrument can te 
changed ellher by varying the tension or by changing the 
length. For exemple, Ime tension in guitar and siolim strings [s 
varied by tightening the pegs on the neck of the Initrurment, 
Once the instrument zs tuned, the musciame vary the 
frequency by moving their fingers along the neck, thereby 
changing the ian gi of the vibrating portion of te string. 


1st 


A saning save patiem m fone 
arabes laggy areata 
iiep maipe of fu venea- 
imngtn; fene rw) standimg 
wate im formed 


Fer Your Imiormastion 


PET 


In ш cigan pipe, ibe porary 
druang mechanmm m тим 
ahem iln pet of mr tom Birali 
whith interacts weth ihe upper Ip 
and Thmp air, column. к< Hes pigs rà 
maisin n sext cecil 


Example 8.3: A steel wire hangs vertically from a fixed 
polni, supporting a weight of 80 М at ite lower end. Tha 
diameter of the wire 1s 0,50. mm and its length from the 
fixed point ip the welghl is. 1:5 m. Calculate (һа 
fundamental frequency emitled by the wine when if la 
plucked? 


(Density of steel wire = 7.8 x 10° kgm” 
Solution: 
Velumeé of wine = Lenglh x Ansa of cross section 
Mass = Volume x Density 


therefore 
Mass ol wire = Length x Arga of cross section x Density 
Sn. mass per unit lenglh m is given by 
m= Density x Ares of cross fection 
Diameter of thia wire = D = 0.50 mm = 0.5 x 10? m 


Radius af ihe wire = г = i =н 10° m 


Area af cross seclian of wire = tr = 3.14 x (025 x 10° my 


Few 
iherelore n 
m-7TBx10 kom x314x(D25x 107 my 
m= 1.53 x 10 kgm 
Weight = B0 N = 80 Еп 
Using ihe BORN (8-17); we get 
V [Е 
= FS 
2i W^ 
= 
1 BD А 
f= кте = Fg" 
к ا‎ 1 1.53910 hgm 1 
üt f= TB H 
8.10 STATIONARY WAVES IN AIR ( Ы 


Stabonary waves can be set in other media also, such as куа 
column, A common example of vibrating аяг column Bs im the 
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ogan pon: The ена дора between the incidant wave and 
the reflected wave dapands on whether tha roflecting and af 


; iw. т 
wevelongin алыр му арале. and its frequency "I. 
harmonie is given by 


p xe à = Же үчтөр rre (8.22). 


whee 'y' ls the speed of sound in alr and)" is the length of 
hû pipe. The egualion 6.22 сап айыз be writlen as 
f= Ынды (8.23) 


If a pipe і closed at one end and open at the other, the closed 
end is a пода. The modes of vibration in this case are shown 
in Fig. 8.17 


а саве of fundamental nola, the distance between a node 
and anine is ane fourth of the wavelength, 


A - 
Hence, ге or k 24 
Since к=! 
Hence ns ا‎ 
"у aW 


И сап be proved that in à pipe closed at ane end. only odd 
harmonics are ganarated, which aee given by lhe equation 


| 83 


кениш © Tied 


vibarastim infapmatior 


where la e i 


This shows That the pipa, which is open at both ends, is 
richarin harmonics 


Example 8.4: А pipe has a length of 1 m. Detenmine the 
frequencies: of the fundamental and the first two harmonies 
{а} if ihe pipe is open al both anda and (b) If the pipe is 
closed at nne and 


(Speed of sound in-air = 340 mii) 


Solution: 
E | 
a) f. D, о улы ge 170 He 
zi 221m 
һ=2һ = 2х 170 Не = 340 He 
and h23f23x1l'üHz-510Hz 
b) j= Ome agg = 85 He 


al 4 xim 
in this.case only add harmonies are presant, so 
h-23fh-23x85Hz -255Hz 
and hs5f25x85Hz = 425 Hz 


8.11 DOPPLER EFFECT б 


An important phenomenon observed in waves is the 
Doppler effect, This effect shows thal if there is some 
relativa motion between ihe source of waves and the 
observer, an apparent change in Pim of the wawes ia 
observed 


This affect wies observed by Johann Doppler whibe hà was 
observing the frequency of light emitted from distant stars. 
in some cases. tha frequency of light emitted fram a star 
wat found io be-slighty different from thet emitted from a 
similar source on the Earth. He found thal the change in 
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frequency of light depends on tne matan ot siar relate fo 
the Earth. 


This effect can be observed with sound waves also, When 
an observes 15 standing on à ratay platform, ihe plich of 
the. whislle of en appmaching- Incmmolive is heard to be 
higher. But when the same locomotive moves away, Tha 
pitch: of the whistle becomes lower, 


The change in ihe frequency due to Doppler affect can be 
calculated sasiy if the relative motion between the pounce 
and ihe observer ia along ш Straight line joining them. 
Suppose v is the velocity of tha sound in the medium and 


fhe Source aris a sound of froquency and wavelength 1. 
И both: thee aeurce and the observer are gteliongary, then ihe 


waves received hy the observer in one second are f=. I 


an observer А moves towards the-source wilh a velclby th 
(Fig, 6.18), the relative velocity of the waves and the 
observer is increased fo (v жш). Then the number of 
waves received in one second or modified frequency f is 


ha مت‎ 
Pulting the value of à = 7 the above equalen becomes 


LIA ^ 
к= = “| audi. E 


For an observer B. receding fram the source (Fig. 8.19), 

the relative velocity of the waves and the observer is 

diminished to (v= ш. Thun ihe observar receives waves al 

a reduced rate. Hence, the number of waves received in 
lj. * 

one second in this case Is ЕЕ 1 


e 


[25 


or me [s] =y ps) | 8 (B.26) 


Now, if the source is moving towards the observer with 
velocity u, (Fig. 8.20), then in one second, the waves are 
compressed by an amount known as Doppler shift 
represented by AX 


The compression of waves is dug to tha fact that вашта 
number ol waves ane contained in. s shorter space 
depending upon the velocity of the source, 


The wavelength for observer С is then 
kom A 


wavelength green by: 


Tha modifed frecgueescy for observer C is Than 


ex com 


aud for the abeervar D will be 


186 


(8.28) 


v dw 
fi = eit ceti 
ET 1 e 
This means that the observed frequency increases when 
the source is moving towards the observer and decreases 
when source is moving away from the ebservar. 
Example 8.5: А train approaching в station at 
SOkmt sounding a whistle of frequency 1000 Hz. What will 
be the apparent frequency of the whislle es heard by s 
lislenar sitting on the platform? What will be the apparent 
frequency heard by the same listener i the train moves 
away from the station with the same speed? 
(Speed of sound  340ms !) 
Solution: 
Frequency of source = һ = 1000 Hz 
Speed of sound = 340 ms” 
Speed of train = u, = 90 kmh’ = 25 ms" 


When train is approaching towards the listener, then using 


the relation 
és 1 
v=a, | 


=l F Р. 
pe fene x 1000 Hz 1070.4 Hz 


When train is moving away Iram the listener, then using 
the relation 
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Doppler effect is also applicable to electromagnetic waves 
One of it important applications is the radar system, which 
uses тейи waves io determine the elevation and speed of 
an üerbplana. Radar it a device, which transmits and 
receives radio waves. lf an aeroplane approaches bwarda 
the ractar, then the wavelength of the weve reflected from 
aeroplane would be shorter amd if IL moves away, then the 
wevelengih would be larger as shown im Fig. 8:21, 
Similarity speed of satellites moving around the Earih can 
also bo determined by lhe sme principle. 


Sonar 5 an acronym denwed from “Sound navigation and 
remgeng" The general name for sonic ar ultrasonic indî Alê 
echo-ranging and echo-sounding system. Sonar is the name 
ol в technique for detecting ihe presence of objects 
underwater by acoustical acho. 


In Sonar, “Doppler detection” ralias upon ihe relative арапа 
of the target and Ihe detector to. provide an indecatian of the 
target speed. М mrpicys the Doppler effect, in which an 
apparent change in frequency occurs when a source and 
the observes are in relative moton io one another, Its known 
military applications include fie detection mand ication of 
Submarines, control of antisubmanne weapons, mine hunting 
and depth rmeasungmentaf sea. 


Aatronomers use the Doppler effact to саісцівіе tha speeds ol 
islam stars and galaxies. By comparing Ihe ire spectrum of 
light from ha star with ЕДК fram a laborsipry source, tha 
Doppler shift of the star's light cen be measured: Then ihe 
spaed of the star can be calculated, 


Slats moving towards Ihe Earl show-a blue shift. This is 
because (ће wavelengin of sghi amiet by ihe star am 
shorter han if the siar hed bean at rest. So, The spectrum is 
shifted inwards shorter wavelength, Le. lo the blue-end of 
the spectrum Fig. 8.22). 


EE 


Stars moving away fron fhe Emih show m fed shii. The 
emitted waves have a langer wavelength than if The star had 
boon at reat So the aspectum is-shilted towards longer 
waüwelength; Le., towers tho гай ond of the spectrum 
Asironpmees havs aled discovered thal al the distant 
galaxs are moving away from us and by measuring [hee 
Ted sheis. they have estimated nr speeds. 


Another important application of ihe Dopper sil using 
eeciromagnetc waves: i5 ihe radar speed trap. 
Microwaves. aee ermilled from a transmitter ty short bursts, 
Esch burst is reflected off by any car m the path of 
microwaves in between sending out bursts. The inanemitter 
is opened to delecti reflected microwaves. Н the refiectian 
m caused by a moving obstacle, the. reflected mintowaves 
aue Doppler shifted. By messuring the Doppler shift, fne 
spoed al which {пе car moves 18 саша: by computer 
programme, 


SUMMARY 


в Waves cany energy and Itis-anürgy E cared eut by a disturbance, which spreads. 
aut from the source. 


Ы I the particles of the medium vibrate perpendicular to the direction of prepagalion of 
the wave, then such wave Is called transverse wave, ag. light waves. 

^ if the partcle-of the medium wibraie parallal bo ihe direction of propagation of thie 
wove, than such wave ів cited longiludinal wave, e.g. sound wayes. 

« Па panicle of the medium fs simufianscesty acted upon by two- weaves, Ihen tha 
aula dimplacerent of the paride m Ine sigabraic sum of thelr individual 
displacements Thitis called principe of superposition 


• When two waves meet each other in a medium then at some points they 
reinforce the effect of each other and at some other paints they cancel each others 
ofect This phenomenon is called interennce: 


a The Бегине матат of sound between maximum and minimum loudness ane 
called beats. 


a Stationary waves are produced in a medium, when two identical waves travelling in 
appasite direchons interfere in That ттин шгп 


ж The apparent change in the pileh of sound caused by the relative motion of aiher the 
source nf sound othe listener is called Doppler effect. 
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What features do longitudinal wawes have in common with trensyerse waves? 


The fve possible waveforms obtained, when the output from a microphone is fed 
inta the input of cathode ray nscsiascape, with the tima base on, ene shown In 
Fig.B.23. These waveforms are obtained under the same adjustment of the 
cathode ray oscilloscope controls, Indicate the waveform 


which trace represents the loudest note? 
which trace represents the highest frequency? 


PODS 


Is il possible for two identical waves traveling In the same direction abong а siring 
to give пе toca stallonary wave 


A wave is produced along a stretcher sting биі same af its particles permanantly 
show zero displacement. What type r^ wave is it? 


Explain the terms crest, trough. node and агу. 
Why dors sound travel faster in aelida than in gases? 
How afe beats useful in tunimg müsscal тазарар? 
When two natas or fniquencies Т, апа f; ane sounded together, beats are formed, if 
А f. what will be tha frequency of beats? 
ih ho el > (ho Gy 
ii) Ае li т (= f) 


As a result of а deant éxplcslon, mm observer senses a ground tremor and then 
hears the explosion. Explain the time Те геге, 


810 Explain why sound travels faster in werm alr than In cold air. 
E.11 How should a sound souca move with respect to ar observer so frat the Inequency 


of iii sound does not change? 
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NUMERICAL PROBLEMS 


The wavelength of ihe signals frem a radio trensmitteris 1500 m and the frequency is 
200 kHz. What ms the warvebengih for a tranamitier operating at 1000 kHz and with what 
sped the radio waves iral? 

(Ans: 300 m, 3 x 10* ms ') 
Twò upeakers are arranged as showri in Fig. 8.24. The distance beiween hamis dm 
and they emit a constant tone af 344 Hz. A microphone P is moved. along а lins 
рагайа! in and 4,00 m from the line connecting the two speakers. ЇЇ is found that tone 
of maximum kudness i& heard and displayed on the CRO wien microphone is on 
the centre of the lina and directly opposile each speakers. Calculate the speed of 
sound. 


в 
3 iw orient 


(Ana: 344 mg ') 

A stationary wave is established in à aring which ia 120 cm long and fixed at both 

ends. Tha string vibrabes in four segments, at a frequeniy ûl 120 He. Determine its 
wavelength and the fundamental frequency? 

(Aris: 0.6 m. 30 Hz) 


The frequency of the note emitted by a strotched string is 300 He, What will be tha 
frequency of thie note when; 


the tengih of the wave is reduced by йай wilhoul changing the bensson. 
ihe tension is increased by ane-third without changing Eee Jangti of ihe wire. 
(Ans: 450 Hx, 346 Hz) 


An argen pipe has a length of 50 cem. Find time frequency of its fundamental note 
and Ehe next harmonie when i is 


өреп at beth enda; 
closed alone end, 
(Speed of sound = 350 ms ') 
[Are fa) 350 Hz, 700 Hz. ib) 175 Hz, 525 Hz] 
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A church organ consists of pipes, each open at опа end, of differant lengths. The 
minimum length te 30 mm and thee longest is 4 m. Calcula tie Гана цн тосту range of 
the fundamental notes, 
(Speed of sound = 340 ma | 

(Ans: 21 Hz to 2834 Hz) 
Two tuning forks exhibit beats a a beat frequency оз Hz The frequency of опа 
fork {в 256 Hz lts frequency is then lowered slightly by adding a bit of wax to ona 
of ls prong. The fwo forks then exhibit a beat fraquency of 1 Hz. Determina. tha 
frequency of the secand tuning fork, 

(Ала: 253 Hz) 
Two cars P and Û are travelling along a motorway in the sare direction. Tha leading 
car P travels al n steady speed of 12 таг", the other car û, travelling at a вірну speed. 
of 20 ms", sound its hom in emit а steady note which P's driver estimates, has a 
frequency of 30 Hz. What frequency does Ors own driver heart ` 
(Speed of sound = 340 me") 
(Ans: 810 Hz) 

A train sounds: fts hom before il sets off from the station and sn observer waing on fna 
plateform estimates йв frequency at 1200 Hz The iain than moves off and 
accelerates: steadily. Fifty seconds after departure, the driwer sounds the hom again 
and the plateform observer estimates tha frequency al 1140 Hz, Calculate the train 
speed BU s after departure. How far from ta sli Baris the train afiar 5087 
(Speed of sound = 340 ms‘) 

(Ans: 17.8 me", 44& m) 
The sbsorpton spectrum. of fami galaxy is measured and ihe wavelangih of one of 
the lines identified as the Calcium a line js found io be 478 nm. The same line has 
a wavelenglh of 397 nm when measured in alaboraloary, 


ls e galaxy moving bevande ar away Iram the Earth? 
[Calculate the speed of the galaxy relative ta Earth. 
(Speed of fight © 3.0.0 10° ms) 
[Ana (а) away fram the Earth, (5) 6.1% 10° ms 
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Learning Objectives — ' 
Al te end of this chapter the students will be able to 


Understand ihe concept af wavetront, 

Siste Huygen's principle, 

Use Huygens princeple io explain linear superposition af ght 
Understand interference af light. 


Describe Youngs double slit experiment and he evidence il provided te support 
tee wawe theory of light, a 


Rexngnize and express colour patierns in thin films: 
Describe ihe fomaton of Newton s rings 

г Understand the working of Michalson's interferometer and its uses. 
Explain the meaning of the term diffraction ° 
Describe défraetian aba sime slit, 
Derive Ear icquatian foe angular posibion ef first minimum, 
Derme the equation o sind s mx. 
Carry out calcutadinrms usan ihe dilfractian grating formula 
Describe ihe phenomenon of diffraction of X-rays by crystals, 
Appreciate ine use of diltraciinn of X-rays ty crystals. 
Understand polarization ав a phenomenon associated with transverse waves. 
Recognus and express That potanzabon is produced by a Polaroid. 
Understand ir effect of rotation of Pülarc on polarization, 
Lindarstand how plane polarized light is produced and deteced 


L igni 18 2 Type of anergy which produces sensation of vision. But how does this energy 
propagate? in 1678, Huygen's, an eminent Dutch scientist, Proposed that 


oa 


light energy fram a luminous source travela-in space- as 
wives. The axpersnenial evidence in suppor of was 
theory in Huygens lime was nob convincing. However, 
Young's merference experiment performed for tha first tirar 
in. 1801 proved wand nature of ght and thus established the 
Huygan's wave theory. In this chapter you wil study the 
properties of light associated with its wave nature. 


Consider а point source of light at 5 (Fig. 8&1 a). Waves 
emitted from thes source will propagate outwards in all 
direclinng with speed c.After mê i, they will reach the 
Surface of am imaginary sphere with centre aa 5 and radius 
авс? Every paint on the surface of this sphere will be set 
into vibration by ihe waves reaching thara. As the distance 
of all these points from the source. ia the same, their state 
of vibration willbe identical, In other words, all the pcenis 
on the surface of the sphere wil have the same 
phase 


This dn cage of a point source, the wavetront i spherical 
in shape. Aline normal to the wavefront, showing the 
direction of propagation of Tight. i$ called a гау of Tight 


Witt time, the wave moves Farther giving ree bo riw weve 
fronte. Ай these wewefrants wil be concentric spheres of 
incteasing radi] as shown in Fig. 91 (a) Thus the wave 
propagales in space by the motion of the wawelrants:. The 
distance between the consecutive wavefronts is one wave- 
па. Wi cw» be seen thal as we move away at greater 
distance from the source, tha wavüfronts ane parts of spheres 
ot very lange radii. А тес region taken on such a wavefront 
can be regarded as а plane wiavelront (Fig.S 1b) For example, 
Байга the Sun reaches the Earth with раги лаал 


In the study of Interference and diffraction, ana wives and 
plane wavelronis аге considered. A usual way to obtain a 
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plane wave is 1û place a point source of light at the focus of 
a gonvex lans. Tha rays coming out of the ns will constitute 
planae wawes 


Knowing the shape and location of a wavefront at ary 
instant f, Huygens principle enables us Ia doberman the 


shape and location of the new wavefront at а later lime 
Peal) Thisprincipie consists of two paris: 


qu Every point of a wavefront may be considered BE а 
source of secondary wavelets which spread aut In 
forward direction with а speed equal to ıe spaad- cf 
propagation of the wave. 

f The new ровот of me wavefront afier a certain 


inama of tima can be found by constructing а 
surface that touches all ther secondar мате. 


Tha principle is ugtraled in Fig. 9.2 (a); AB represents the 
wavelronl at amy instant t. To determine the wavalront ві 
{кта 1+ AT, draw secondary wavelets with centre at various 
palris on ifie wavetron AB and radius as см where c is 
sed of Ihe pragagaltian af the waves shown in Fig.B.2 (a), 
The new wavelront al ima f+ Al is АБ whichis a 
tangent егер е in s8 the secondary wavelets. 


Figure 42 (b) shows a similar construction for a planê wawe- 
ironi и 


Ari ui film fiagiing on water surface exhibits beautiful 


odor айа This happens due to interference of ий |n |: 
wanes, the phenomenon, which is being di&cussed in this bi асы 
sechon. 
Pig td 
Ме» иЗ Detiectableé Үн ДЕ ЕШ йчүп” pea epi tor 
CD etra ma 


И was studied in Chapter Я that when two waves travel in emer At И aed CIT ams the 
the sume medium, they would interfere constructively pr "i ula килти. 
desructively, The amplitude of the resultant wave will be 

preaber then either of the individual waves; if they interfere 

чаан геу, In the exse el desinictive interference, the 


pm 


à ilu od ipd an green, 


T 
= 
|2 
5 
[f^ 
Е 
| 
= 
Fig: 93 ju] 
As goewmry ci Ypun Dosis 
wd apr 


arnplitude- of the resultant weve will be lass than eher 
Of the individial wavps 


Inigrterenca nf bghi waves is nol asy to observa because 
of tne random emission of light from a source. The 
foBowing conditions masl be met, Ir order tà observe Ine 
phenomenon 


1. The intedering beams musi ba monochromatic, 
that is. afa single wavelength. 


ы 


The interfering beams of light must be coherent 


Conmider twa or more sources of light waves of lhe sane 
wavelength. I ihe sourtes send out crests or troughs at 
ihe same inal, the individual waves maintain a constant 
phase difference with ome another The monochromatic 
sources ol light which emit waves. having a constant 
phase Чі гага, ate called сорына гі sources, 


A common method of producing two coherent light beams 
[& їй use a monechromagic source 1n flumine a screen 
cüntaining two small holes, usually m the shape of sits. 
The light emerging trom the beo slits ts coherent because в 
single source produces. the original beam and two sis 
sence only in split Й into two pers. The pomis on s 
Huygens үйл О which send аш secondary матен 
are also cohereni sources of hyhi. 


Fig. 8.3 (a) shows the experimental arrangarmeant, semilàr lê 
thal devised by Young In 1801, for studying interference 
ects of light A screen having two пагон silts ts 
iuminated- by а bear of manachreematic light, The porion 
al ihe wavefront incident on tha sli behaves as B source 
of secondary wavelets (Huygens principle} The secondary 
wavelets leaving the slits are coherent Superposition of 
these waveleia result In a series of bright and dark banta 
ingas) which arg observed on а second screen placed М 
sure distance parallel to the first screen, 


Lei us now consider the (итпи of brig and dark 
banda Аа ронед oul seier the two sis bahave ma 


1496 


coherent sources:-of secondary за. The wavelets 
anya ai ihe screen in such a way Ifa at some points 
cresis fall on crests and troughs on resulting. in 
constructive interfarance and bright fringes are formed, 
There аге вот points on the Screen where crests meet 
troughs giving res to destructive interference and dark 
fringes are thus formed, 


In-ardar to dena. equations for maxima and minima, an 
arbitrary point P is taken on the screen on one side. af 
the central paint © as shown in Fig. 9.3 (0). AP and BP 
are tbe paths of the rays reaching Р. The line AD ic 
drawn- such that AP = DP. The separation between the 
centres of the two alils is AB = d, The distance of the 
screon from thea slits is CO = L. The angle between 
CP and CO le 8. Н can be proved hal the angle 
BAD = 0 by assuming that; AD is-naarly normal to ВР. 
The palh differance between the wavelets, leaving the 
slits and arriving at P, ig BD. |1 ы the number of 
wüveiengihs, contairied within BD. that determines 
whether bnght or dark fringe will appear at Р If the pain 
Р ia 12 have bright fringe, the path difference BD mist ba 
an integral гаира: of wavaelengih. 
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Фести, canmituction of 
‘nang doute к нарта п! 


Thug, BO = mi, where mz1ü,1,2,..... 
Since BD.» d віп 
therefore fish mk yrs (9.1) 


"it is observed that each bright fringe an ona side of O has 
ayrnenetricallylocated bright fringe an the other alde of С). The 
central bright fringe ia obtainad when m = û. If a dark tinge 
appears al poni P, the path diference BD must contain 
hatine aa i 


Thus so ={ me: 3), 


егете din = i 4| 5. coc SE) 


The first dark fringe, In this саза, will nbvinushy appear for 
m= D end second dark form = 1. The interference patlern 
formed in the Young's experiment is shown in Fag. В. {Чї 


Fig. HSH 


Equations 8.1 and 9.2 can be applied for determining tee 
linear distance on the screan between adjacent bright: or 
dark fringes. If ihe angle d is small, than 


sin B tant) 


pon 


Mow from Fig, 8.3 (a). tana = pL, where y їп the distance 
ofthe point F fram Q. И-й Bright finge. ss ctsened al P 
then, fimm Eg. 9 T, wa get, 
EL 5 
ут "de тешүү” 483) 


If Pis to have dark fringe it can be proved that 


ys @ es "emm (8.4) 


In order to determine the distance between bwo Bdiscenl 
brighi fringes on ihe screen, mih агаў (rm + 1] 1h fringes are 
consedered. 

Ab 


Far the mih bright fringe, yam S 


and for the im + th bright fringi yani =(m +1) А5 


If the distance Extween the adiacent bright fringes i&4 y, 
inen 


AVE үм Pi ={т+1} = m zi 
Therefore. Ay = d PPS rina) (8.5) 


Similarly, the distance between two adjacent dark fringes 
canbe proved to bê +L, 1.08, therefore, found thal the 
bight and dark fringes are of equal widlh and are equally 
арабе? 


Ед. 8.5 reveals that fringe spacing increases H [әп 

' ghi (aig wavelengih) is used ав compared to blue light 
(short wavelength), The fringe spacing varias directly with 
distance L between tha alite and screen and inversaly with 
{he separation d af the «lits. 


IF tes separation d balaman rhe tan slits, ihe ardor m of a 
brgii-nr dark fringe and fringe spanng Ay ага: known. ihe 
а ендй 2 nf the light used for inserterenece elTet cnn Ене 


duaterminad by applying Eq. 8,5 
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Example 9.1: The distance between the sits In Young's 
double sit experiment ia 0,25 cm. intarierence Tnnges are 
formed an à эстеп placed ala distance af 100 cm ram ihe 
slits, The distance of the third dark fringe from the central bright 
bingais 0,058 cm. Find the wawolengthol the incident light. 


Solution: Given that | 
g20.260m=2 5 х 10% т 


y=0 059 cm =5 9 #0 т 
1 = 1 @т = 1 m 


For the 3" dark fringe m = 2 
^ ыл 
_ 595104 т x25x40"m 
la, +] iim 
3 i 85,80 107 m = 580.nm 


Example 9.2: Yellow sodium fight of wavelangi 529 nm, 
emitied-by a single source passes through two namra 
sits 1.00 mm apart. The interference patiern is observed 
оп a screen 225 cm away. How far apart are two adjacent 
bright fringes? 


Solution: Given that 
is 589 пт = БВ9 я 10* m 
Р @= 1,00mm = 1.00 x tm 

Le 225 cm = 2.25 т 
Ape? 
Using дут E: 
ay, 508 8102 mx 225m | 
On 107 т 


Ayz1.33 x 107m or 1.33 mm. 
Thus; the adjacent frings will be 1.33 пип apart. 
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A thin fim ia a irapapareri medium whose thickness in 
comparable weit ihe weavetengit of ighi Brian ane 
beautiful colours. in soap. bubbles and oll film on the 
surface of wabw are due io mésrferencs of light reflected 
fram the two surfaces col the film aa explained below 


Ganser a thin für of a refriclinag madiun. A beam AB cf 
monochromatic ligh| of wavelength A cden en Iis: upper 
surface. itia parity reflected along BE and paniy refracted 
inta the-madiuri along BD. Ar D- 5 agam paniy reflaciad 
Iside the medium along DE and then ar E retracled stang EF ee 
dhean in Fig 84. The beams ВС and EF, being the parts of the same 
primary bear Пата a phase conecence. AB ihe film is thin, so thie 
separation bebes te beams BU and ЕЁ will be very mall 
and pen will euperpesa and (he resul of Mair intederence 
will be Selected Шү ihe eya Ii сап be séen im Fig 8.4. that 
iria annia beam ezeds mido twa parts BC aed EF cot î he 
thin film enter the eye after covering different lengths. 
of pahe. Thee path differance depends upon (i) freckness 
and natwe of the fim and (1) angle ef méeidenes Time twa 
reflected wüvüs renonce each othe, than te Bim as seen 
with the-help:nl a parašei beam oí monochromatic fight 
will leek bright. Heer if the thickness of the him and 
апда п incidence gre such thal [ne bwo reflnctad waves 
cancel aach other, the film will ook dark. 


If white Batis encident-on g film el iregular (hizkriess at all 
possible angues, we shou consider pe Interference 
pattern, Оце ір anch spectral colour separately, It ie quite 
Бозны thal al а certain pisce on Ime film, its thickness 
and ihe angle af incdence of ght ane such that ihe 
condition of destructive inlerfarance of ane colour іа being 
забен, Hance, (har portion of the lien will exhibit. the 
remaining canatiluent colours of ihe while Га. as shown in 
Fig; 8.5 


When 8 plana-canesx tens of Inng focal teeth la placed in 
contact with a plane glass gale Fg- 3.6 aj. а thin air film is 
encasaed hatween the ирет surface of Thea glass plabe- and 
ihe lows surface of the lens. The thickness of tha sir film rs 


3t 


Gassini] -Gongtraction of 
тинтїї nt hr dua [n a tin eil 


um 


Thur Wd ачыш of japri 
Ahera Mra to immetensnzu rit Thee 
tyre peaj eum (mo compare 
leann sanak , 


interferes partir prxsuced es a 
fermo gm mesa by whim 


almost zara at the point of contact O and it gradually increases 
as one proceeds towards the penohery af the lens. Thus, tha 
points where {из Шеста of air fiim zs constan, will lie an a 
circle with C ав сапта 


By means of a sheet of glass G, û parallel beam of 
monechnmatsc light ls: reflected towarde the pieno- convex 
lens L. Any ray of manochromalic ШИМ that: smkes me 
Upper surface of tha af Bim nearly along normal E partly 
raflecied and partly refracted, The ray refracted in фа 

*. gir бит im ale reflested рагу at the lower surface. of the 
Fig. &4 [ni fim. The bwo reflected rays, Le. produced ab far upper 


Éxpaüiental arangie Inr and lower surfaces of the Mm, are cohaerent and interfere 
cemin Maata rms. constructively or destructively, When the light reflected 


upwards m observed trough н microscope M which is 
focussed on the glass plate, series of dark and bright rings 
ага ваап with centre at О (Fx; 8,5 b) These concentric 
ringa are known жа Newton's rings. 


At the- point of contact of ihe fens and tne glass plate, the 
thickness of he film & effectively zero but due to reflectian 
at iha lower surface of air film from denser medium, ап 
additional path difference of ^/2 is introduced. Consequently, 
ihe centré of Newton rings is dark due io destructive 
interference, 


Fig. 0.0 fb} 8, MICHELSON'S INTERFEROMETER | — À ; 
А puta n Mawson m t 
mipira ut BE — 


Micialscn s miterfarnrmater js aem isin (Ма can bé used 
la measure distance. with extremes, high precision. Alberi 
кин i А. Michelson devised this instrument in 1881 using the 
T idea of interference ar light rays. The essential featunes of a 
^ Michelson's interferometer are shown schaernalicaly in FT, 


i я > Monochromatic ighi trom an exiended source fais on a 
جج‎ ff ee ч half sitverod glass рие G; thal partially reflects |t and 


mor I a, partially trarismits it. The relacioj portion labelled as 1 in 
id the hyure travels a distance L; to mirror Ma; which reflects 

РҮ the beam back towards Gy. The half sivered plate Gi 

T partially. trassmite his portion ihat finally armes al tha 


i observer's aye, The transmilbed ports of tha orginal 
beam labeled at: 11, travels a distance Leto mirror М; which 

—— Мынаа 

intariermater. + reflects the beam back toward G The beam Il partially 

raflaciod by G also ambes the observer's eye finally The 


az 


plate Gy cul from the same- piece ol glass mo), 1% 
introduced in the path oat beam її at a componsador рй! 
G; thierefere, equalizes ine path kength of the bearns Land 
itin glass: The two beans having their. dieren paths are 
coherent, They produce intererenace affects when, ay 

arme at observers ayes. The сега then seas a seres 
of pranie Interference fringes. 


in a practical anderferomener, the miror M, can bè: mayad 
along the direction perpendicular lo Is surface by means ûf 
a precision screw. As ihe length L, is changed, the pattern 
of interference .fringes [в observed to shit |f M, is 
displaced through a distance equal do IZ, a path difernos 
gf double of mes deplacaement is produced, te, equal toà 
Thus a fringe ів seen shifted forward across ihe line of 
reference of crass wire in the aye piace at the-ielescoge user 
{п veew lhe fringes. 


А fringe is uhbbed, each time te minor ts displaced 
through 2, Hanc, by counting Bua muanbar rr ar Me fringes 
which are shifted by lhe displacimmm ! of the mirror; wa cari 
Lu du iAH, 


| i guitare 
Lam 3 (9:6) 


Very preche lengi measurements can be made wih an 
interfaromister, The motion of mimar M; by only 254. produces 
a clear diferance botween brüghiness and darkness. For 
zd nm, this means a high precision of 100. nm or 107^ mm. 


Michelson rmeasuned the length of standard matre im kerma 
of ihe wavelength of red cadmium tight and showed thal 
iho andar mere wee eqdivelent to 1,553,163.5 


wavelengths of ihis-lght 


In the inberfarance paler obtained wih Youngs double siii 
experiment (Fig. 3:3 bithe central region of tha fringe syster 
is eight. (Plight rasete. in a siraight line. ha central region 
should appear dark Lei, Ihe shadow of the screen between 
ihe wo slis. Another simple aspenment can be parfarmed 
for exhibiling the same effect 


ED 


A mheingraph al Micheteon 
irmezforomenar. 


нөө Ig c Канон 
unserer 


Consider thal à smell and smooth steel ball of about 3 mm 

&ows In diemetee is illuminated by e point source of ighi The 

Shadow —. Shadow ef the abjecit is moaned on a screen as shown in 

) Fig. 9.8. The shadow of tha spherical object is not 

completely dark but һава bright spot al its centre, 

| According to Huygen's princip, васп point oe ina rmm 

| ү of the sphere behaves as а source of secondary 

“wavelets which Wiuminate ihe centra! region of the 

i shadow, 

dns "These bwo experiments clearly show that when fight travels 

Berde; of ВОМ tained by lir past an obstacle, it does пої proceed exacil a 
наннан, straight path, but benda around Ihe obstacle. H ia 


The phenomenon is found bo be prominent when ihe 
warolongth of light is large as compared with the size of 
ihe obstacle of aperture of the slit. The diffraction of Bght 
occurs, In affect, due to {һа interference between rays 
coming from different paris of the same waveform: . 


Fig. 99 shows the experimental arrangement for studying 
diffraction of light due to a namow sli The sii АН of width d is 
illuminated by m {агайин beam of monochromatic ight of 
wavelength x. The screen 5 is placed parallel to the alit for 
observing the effects of the diffraction of ight, A small partion 
ûf ihe madeni wavelront passes through ihe names elit, 
Each point nf ihis section of the wavefront sends cil 
secondary wéwelels bo ihe аймап, These wavelets then 
interfere in produce the diffraction patem. |t becomes 
simpie in deal with rays Indeed of wavefronts as shewn in 
lhe figure. In this figure, only nine rays have bean drawn 
whereas actualhy there are a large number of them. Let us 

‘ еар unnsder- rays 1 and ahan Bre in phase om me 
ШАЙ The кытын -,  Wavefront ABWhen these reach the wavetront AC, ray 
инк D рюп гу wavelet В would have a path differance ab say equal bo A2, Thus; 
when fuss p rays геасћ point Р оп the screen, The will 
interfere. destructively, Similarly, all alher paire 2 and 6, 3 
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апа 7,4 and 3 differ i path by гд and wif do the same 
For the pales ol rays, the path difarencs ab d/2 sin û 


Tha equabon far the first minimum is, han 


СЕНЕ Т 
3 0036 7 


or dainibe û О ӨЛ, 


In general, the condiions for diferent erdars of minima пп 
elivar side: of centre ага given by 


нз өт. wher mex (ai) soos Bj, 


The nego between any two conseculive mnnera both 
above and below © will be bright. А marrow slit, therefore, 
produces e series of bright and dark regions with the first 
bright region at the centre of Ihe pakem. Such a diffraction 
райт is shown In Fig. BHA and (b). 


A diffraction grating is a glass-plate having а large number 
ef clase parallel eguidistant aits mechanically ruled ом iL — Fin to 

The transparent spacing between the scralches on the Сін piae produced by aiia 
glass plate act as mis A typical diffraction grating has “ол тін. 

about 400 te 5000 lines per centimetre. 


ln amar io understand how a grating diffracts light, consider 
в parallel bear oof monochromatic light iurmieting tha و‎ "mmm 
grating at nonmal incidanca (Fig: 8.11]. A few of the equally qase. 
spaced narrow slits are shown in the figure. The disiance С; 155 чш у. 
bebween bwo adjacent sits is d. called grating element. lis — . ^ Ww des 
value bs obtained by dividing the length L of the grating by The we Кү i 
total number M cf ite lines ruled on IL The saciions of wao- =» 
fron (ый pess qhrobgh the sis behave as sources: of 
secondary wavelets according to Huygens princais. 


diffraction through ihe grating make an angie A with AB, i 

ihe normal te grating. They are then brought lû focus on | 

ihe gcreen at P by a convex lans. If tha path diteranca 

абан rays Tl and 2 is one weswelengih à, they will Fis 011 

reinforce each other at Р. As tha incident beam consists of Diffraesen of ghi dun ò рабе 
parallel ras; oo rays fram any two ennsecutive slibs will differ 

in partt Er s when they arrive at P They will, therefore. snierfers 


In Fig. 8.11, cansider the parallel reya. which after ага Е 
j y nb» i sn d) ^ 
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phi avn р 


drach grating produce n 


arm hatsean Ine bards eb | 


сопа Нуе. Hence, ihe condition for constructiva 
interference ш thai ab, fhe path difference between wê 
coneeculive rays, should be equal lê x LÊ, 


ab=i rage ê) 
From Fig. 8,11 
ab = d sind TOME (a. 10) 


d being the orating elament Substituting the value of ab In 
Eq 8&8 


wale ^ 21 18:11) 


According ёо Eq: 8. 10, when (t = 0 La, along Hsec direction 
of normal to tha grating, the path difference between the 
rays coming out from the sits of the grating will ba-zere. So 
we will gat.a-bright image in this direction. Ths is. known as - 
zaro nrder image formed by the grating. If we increase E 
on alter side of this direction, а value of twill ba arrived 
at which daintwill be equal ip X. and according to Eq. 8:11, 
wes will again get a bright впаде, This m Knew as fire 
order image of the grating, In this way if we continue 
increasing ¥, wê wlll gat tha second, Third, elc. Images onl 
either side af the zermorder image with dark regions in between 
The second, third onder brighi images would occur according 
as disin B becoming aqual tî 2 A, 3%, ete. Thus Eq 8.17 
can bé weltbarm in mare general Torm gs 


= gain Шта AM (8 12] 
weer n-03122*3 $E 


However. if te incident light болип» Шаг 
амел, tha Image ol each wavelength for a certain 
value of n ig diffracted in a differant direction, Thus, 
separale images am obtained coresponding to each 
wavelengin or colour Eq. 9, T2 shows That the value ar p 
depends проп m, ao the ages of different colours: are 
much seperated in highest orders. 


X-rays. а type of electromagnatic radiation ar much shorter 
wavelength typically ef the order of 10°" m. 


Lm 


In order to observe the affecta of diffraction, fhe grating 
spacing must ba ûf Ihe onder of ihe wavelength of the 
radiation used. The regular amey of moma im a crystal 
forms a nalural diffraction grating wilh apacng that is 
typically= 10777 m. The scattering of X-rays from the atoms 
in a crystalline lattice gives rise to diffraction affects very 
similar to these observed with visible light Incident an 
ondinary grating 


The study c momie &truetur&- of crystals by X-rays wirs 
infiated in 18T4 by МН. Bragg and WL Bragg with 
remarkable achievements. They found that a 
monochrome beam of X-mys was feflected from d 
crystal planae as WW acted Uke mirror. ТО understand thes 
effect, a series of atomic planes of constant interplanar 
spacing d parallel to a crystal face are show by lines FF, 
Рур". PaP a and so on, in Fig. 8 12. 


Suppose an raya beam is beiden at arr angle 8 on one of 
the planes. The beam can be reflected from both ihe upper 
and the planes of atomes, The baam refiected from 
lower plane travels some pira diskancm ms compared to the 
beam refectad from the upper piane. The effectwe path 
difference between ihe two reflected baama ijs 2d sind, 
Theatre, for геш рсете, the path dillerence should be ап 
integral mulia of the wavelongth, Thus 


2d sind sni. NM У 


The value of n' is refered bo aa tha onder of reflection, Tha 
ации 9.13. ig known as the Bragg equation. || сая be 
Used 10 determine inerplanar spacing between similar 
parallel panes- of a crystal 1 X-rays of Know лазати 
arm alowed ta diffract from tf» crystal 


Xeray diffraction has boon. vary useful in determining the 
structure ol Бийн! прогін molecules such ms 
haermdglpbin; which i an importan] consbiusnt of blood 
and double helix structure of ОМА. 
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fil} Determine the angle corresponding fo each order 

Solution: (1 Given that 

2450 am «50x Ti^ im 
Ў ‘i 


Те:‏ ا 


500000 


LET 
aa 
FF maximum numia of ander ofapectira sin t = 
Since зіп, 


|, 
therefore, &ubsiuting the values. in the above equation, 
WE Get, — | r 


1 


= ip =. == ыа 
mitten «460% TO m cer n SDDODO x AS к doo 


1 
TI 


at na 44 


Hence, he maximum erder af spectrum ig 4 
i For the first order of spectrum, п = 1 


i sins, gives 
l тап = х 4509 40% m 
Бк [нк 4] 

sind = (S00000)(450 x 107) 


ange 0225 oF i213 


Far sginnd oder specirum.n = 2, wing Eg. dsinB -nà 


ml sinüsz x 1450 x 1^ mi 
| 500009! 


trh = 0,45 


nr H= 2B 
The third ander spectrum (n= 3j lll be obaerved ntf s 42 5" 
sinü-3 x 500000 m'x 450 x 10 * m 
-0875 ie ш ü-425' 
and lhe fourth order spectrum {п = 4) will occur at Û = 84.2" 
sin й=4 x 500000 m^ x 450 x TO0* m 
I= 0.9 gies B—642" 


WA 


ln Transverse. mechan waved, such Bs produced in a 
pirotcned ating, the vibrations of the particles of the medium 
нге perpendicular to the direction af propagation of the 
Waves: Tha vibration can be- oriented along vertical, 
harizantal ac any ether directiàn (Fag. 8.13). in each ef thasa 
cimus, lhe transverse mechanical wave |8 said to be 
polarized. The piane of polarization is the plane containing 
Ihe dita ian af vibration of the particles af The medium and 
ihe direcllon of prepassatian of the wave. 

A lohi wave produced by oscillating charge consists of a 
parikî variation: of electric {шй vector accompanied: by 
themagnatic field vector at right angle to each other, Ordinary 
igi has components of vibration in all possible planes, Such а 
light i& unporarzed: On the other hand, if the vibrators am 
орта ы ку рн, какы кылау 


Tha light emitied m an ordinary incandescent bulb (and ateg 
бу Trwe Sun) is троа, бесар Ls {баскай ) vibrations. 
are randomly arisniad in space (Fig. B. 14). Ib is possible 1n 
obtaim plana polarized beam of light from un-polarized &ghl 
by pemewing all wives fragm tha beam Hecé: those having 
vibrallócs along one parniculgr dmecion, This can be 
achievgd by varus. processes. such ms. saecla 
Tharp, pefecuen from diferent surfaces, refraction 
ihnreugh crystals and seathar by smell partichrs 

Tre secte absorption mehod is: ihe most common 
method ie obtain plane polanzed fight by using certain types 
of materials called dehate substances, These materials 
iarsm only these waves, whose vibrations are parallalto a 
partecular dinaction ahi will absorb those waves whose 
vibrations are in cher directions: Cine - such: commercial 
polarizing maaria sa polaroid. 

I un-potarzed light vs mace incident on-a sheet of polaroid, 
te transmitted light will be plane polarized 17 a second 
neal ol polaroid is*placad in вас. а way that the aves of 
ine polariids shown by strae lines draw on (haem, are 
prae! (Fig. G1Se), the tight is tran&mitied Хала the 
second polaroid. amne. If the second polaroid is elovily rotated 
about tha beam of font as ss of polation, The light 
emerging oul ol lhe second polaroid gets dimmer and 
dimmer and disappears when the mes become muluady 


MI 


perpandicutar (Fig. 9,15 b). The light reappears on further 
rotation and becomes brightest when the mess nre again 
parallel to esch other, 


This و‎ proves thal light waves mre transverse 

; И Ehe light waves ware longetudinal, They would 
un disappear even ЇЇ the two polarcids were rmutually 
perpendicular 


Reflection cl light from water, glass, snow and rough road 
aiti 1а peur vili surfaces, for larger angles of incidences, produces glare. 

marah to Der аиа. Since ihe reflected light is partially polarized, glare can 

considerably be reduced by using polaroid sunglasses. 


Sunlight also becomes parialy polonzed because of 
searing by ай molecules of the Earth's atmosphere. This 
affect can be обет by looking direclhy up Through i pair of 
sunglasses made of polarizing glass. At certain onentations 
of the lenses, lesa light passes through than at others, 


| Optical Rotation 


When a plane polarized fight ls passed through certain 
crystals. they noate the plane of polarization, Crugrtz 
and sodium chlorate crystals: are typical mxsmples; which 
arm termed as optically active crystals. 


A few millimeter thackness of such crystats wil rotate ihe 
plane of polarizabon by many degrees. Cerain organic 
aubatances, such as sugar and tartari acd, show cortical 
ralatian when they are in solution, This property at optically 
active substances can be weed lù deterring Wair 
concentration in the solutions. 


MEO. QE NUN Nake و‎ ON there is a resultant wave, This 
phenomenon ia called interference. 


Constructive interference occurs when two waves, travelling i Ihe same. medium 
overlap and the amplitude ol the resullant wave в graninr than either of 
PR еми ане: 


ln case of. destructive interference: the а ude ofthe resulting wave is less han 
‘either of ihe individual waved: 25 


In Young's dotie slit experimen, 

fir for bright fringe: d sive = mj. 
ПИКЕТ 

[uj the distance between two adjacent bright or dark fringes is 


We 


Michele's, Мө оган}: цова dor vel y precise length maaeurernenits. 
The distance L of the moving mirror when rn move in viewi&- т. — 


“© Bending of ван around obstacles is duo in dilfraction of fight. 


Fora diffraction grating! 
dsina= nà where n stands for nth order of maim. 
7 For diffraction of X-rays by crystals 
2d sing «n where n i$ the order of rallocton. 
Polarization of light proves thal fight consists of transverse alectromagnatic waves. 


QUESTIONS, 


*! Under what conditions two or more sources of light behave ва coherent sources? 
22 How is the distance between inierference fines affected by the ssparabion between 
disappear? 


те ЭП С Young's experiment? Carr fringes 

3 Can vetible light produce interference fringes? Exclam, 

4 In the Young's experiment, ane of the slits is covered wilh blue filler and nther with 
red fitter. Whai would be the pattern of light intensity on ihe screen? 


zi 


OS Explain whether the Young's: experiment is an experiment for studying interference 
or diffraction effects of light, 


66 An al film spreading over a wet footpath shows colours. Explain how does it 
happen? 


û7 Could you obtain Newton's rings with transmitied ght? H yas. would the paliem be 
different tram that obtained with reflected tight? 


оа Inthe white ight spectrum obtained with a diffraction grating. the third onder image 
of a wavelengin coincides with the fourth order image of a second wavelengih 
Calculate the ratio of the beo wavelengths, 


nno How would you manage te get mare orders of spectra using û diffraction grating? 
010 Why he polaroid sunglasses are beter than ordinary sunglasses? 

ati Hew wouid you distinguish babwaen Unported аги plana-palarized lighis? 
4:12 Ей [n the blanks 


11 According ia principle, each point on a wavetront acta as a source 
of secondary ^ 


(Hp In Жошъщуз experiment, the distance between bwo adjacent bright fringes for 
violet Ҥй is ihan that for green light 


(ij The distance bebwoen bright fringes in the interference patter as 
,  Ahewmvelength af light used incmaases. 


(io A diffraclian drabng 1s used tà make a diffraction patlam Tor yellow fight and 
then for red hb, The distances between the red spots will ba — — 1 {һап 
that Tor үөт Baht. 


(v) Mis Vo of polarization of Eight reveals thal light waves ane 


iwi) A Ain ia а cermmereial 
iv) A polaroid glass . glam of ight produced al в road surface. 


B1 Ligh of wavelengit 46 nm isaliowed to aluminate the sits of Young s experiment The 
‘separation between the shis is 0.10 mm and the distance of the screen from the slits 
“Whare interference affacts are observed is 20 em, Al wheal angle the first minirmurm will 
fall? What will be the linear distance on the scraon babween adjacent maxima? 


Ап 0,387, 1.4 mm 


а? 


9.3 


9,4 


5.5 


E 


8.7 


3;8 
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{йай the wavelingih of light, which illuminates bo siis 05 mm apart and 
produces an interfaranca pattern on a scien placed 200 cm away from the allis The 
АКнын Gta Ner ot Dr АН Mr MUR DR, 


[Апв: BOO nm) 

In a double slit experiment (he second order maximum occurs st 8 = 0.25", The 
wavelength is 650 nm. Determina the slit separation; 

[Ans 0:30 mm) 

A monochromatic light of ^ = БЕН nm is-allewed to fall on the half silvered glass 


Male Gi, Inthe Michelson Intertercrmadar, miror M, ie moved throigh 0:2:3:3 mm, 
how mary fringes will De observed to-shitt? 


purs: 792) 
A second order spectrum is formed at an angle of 38.0^ when light falls normally on 
à diffraction grating having 5400 lines per бептен Determine wavelength of the 
ри used, 
{ Ars. S70 nm) 
A light r& incidant normedy nn a gratin which has 25060 ines per centimetre, Compute 
ihe Wwavetengih of a apectrál line for which the devistion in second omeri 15:0, 
(Aina: 518 nm) 
Sodium light (= 888 nm) is incident nonmally on a grating having 3009 lings par 
септи. What is the Highest order ol the spectrum сйнген with this grating? 
(Ans; Eth) 
Blue light of wavelength 480 nm illuminates a dilfractian grating. The second order 


image is formed at an angle of 30° from the central image, How many lines in à 
кайт ol ther graling have been ruled? 


(Ans: 5.2. 10° fines: per om] 
Zeros OF wavelength: 0.150 nm ane obsehwmd bo undanga a Tirel onder reflection al à 


Bragg angle of 13.3" from a quartz (SiC crystal. Whal is- the interplanar spacing of 
thi reflecting planes in the crystal? 


(Ang: 0.326 nm] 


S104n X-ray beam of. wavelength x undergoes a first order reflection from a crystal 


when is angie of incidence to a crystal face is 26.5" and an X-ray beam of 
wavelength 0:097 nm undergoes a third order reflection when its angle of incidenca 
to that face is 80.0", Assuming that the fo beams mlad from the same family of 
planas, calculate (a) the interplanar spacing of the planas and (b) tha wavelength 2. 
[Aria (a1 0.158 mmf) 0.150 nm] 


213 


At the end of this chapter The students will be stie to: 


1. Recognize the term af least distance of distinct vieton. 

2 Understand the terms magnifying power and rasclving power. 
нии o em io c gil aha lt ier compound 
microscope and astronomical telescope 

1 Шеген the: working of spectrometer: 

В Describe Michelsen rotating miror method to find the speed of light. 

.5 Understand the principles of optical Mire. 
7 Identity the types of optical fibres. 
2B ` Appreciate the applications of optical fibras. 


E, this chapter, some opfical mstrurments that ane based on Ihe principles of reflection 
and refraction, will ba discussed. Tha mast common of these instruments are the 
magnifying glass, compound michoscope and ielescopes. We shall also study 
maenificalien and nesotving powers of thease optical instrumanis, The spectrometer end 
an amangerment for measurement of speed of light are alea described. An iniroducton ta 
optical fibres, whith has developed a great importance in medical diagnostics, 
ielecommunication and compuler networking. is aso inchuced. 


The normal humar aye can focus a sharp image al an object on fee eye if the object is 
lacated any where from infinity to à certain pori called iha near point, 
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This distance represented by d i& abou! 25 em from the eye 
I! the сое Ie held clagar to the eye Than This distance ihe 
imaga tormad. will: be- blurred and fuzzy The location af 
ine nger pont, however, changes with age. 


When. an object ka placed in ironi of a convex lens at a point 
beyand its focus, a real and inverted image of ihe сброс! ss 
Temet gi Shown initia Fig. 10.1. 


As the object la brought from a far off point to the focus, the ——— 
magnificstion goes on increasing, The apperent size of an 
object depends on the angle subtended by К-а te eya Thus, © 


ihe loser ihe object ig to the ape, ег greater i5 the an si 

subtended and larger appears ihe size of быз chien. ^ ^a 
(Fig.10.2). The maximum size of an object as seen Dy — gac anine theimapa on the 
naked оуп їз obtained when theabject ls placed ai ihe mina gita ey Bi gautar: айта 


least distance of distinc! vision. For lesser distance, ha S aces langer and mom 
image formed looks blurred and the details of the abject trict hr 4 
are not visibla. inani in [b]. 
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The optical raacution of а microscope of B telescope fells 
us how cose fogalines the Two pein! sources of light can be 
aå that they are still seen aa һм eeparale sources. IT pain 
paint sources are ino close, they will appear as ce becau- 
sa the optical instrument makes a point source Kok like а 
small disc or spat ar light with circular diffraction tinges. 


Although the magnification can be made as lage аз one 
desires by choosing appropriate foocs! lengths. but the 
magnification alone is of ho use unless we can ses ihi 
details of the object cestinctly, 


Resolving power Is expressed as the reciprocal of mirsmum angie 
which two pom sources subbands at ihe wvsErumienit so (hat 
their images are seen as two distinct spots of light rather 
{һап one. Raleigh showed that for light of wavelength X. 
through а ens of diameter D, the reaching Gower im 
gianhy Rei «D 


Where: ul ww] au ü dere 110.1} 


The-smatier ihe value gf usa; gredber ia {Гит mesálvirig power 
because "wo distant objects wich. are clase together can 
then be seen separated through the instrament. 
In the case of a grating spectrometer, ihe resolving power 


R ol the grating is defined as 


WHE à xx. Arang Ae Sham Xu Thus, we sas Ша! a 
grating with high resolving. power can distinguish small 
difference in wavelangih, (FN is the nuniber of rufis on 
ihe grating, it сап be shown that the resolving power in the 
mth-order diffraction equals the product М x m, i.e. 


CEU Eam. 7 eec 3) 
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As discussed hove 3 con wem a 
used to Help the ө M. aa кайс GWU A 
watch mahar uses convax tere to repair the watches. The 
abject i& placed жав ihe focal point of ine lams. The 
magnified and virtual image is formed at lead! gaenta of 
Gistinet vision d or much farther fram fhe jens: 


Let. us, now, ralem the - -magniliéation òl a віт 
microscope in Fig 10.3 (aj the magi lonned by the 
object, when placed af n distance її, on the eye is shown 
In Fig: 10:3: {һ} a ema is placed [unt in frat ef thea and 
ire objaci la placed hn fent ed ihe bana In such awe thal a 
метин! imagi of the object zs fond at a distance d from 
ihe eye, The se of He image e nes. much qîr than 


wathout the lanm I 3) 
Sar - 


if ji mnd a ane the respective angles subtended by ihe 
Ое! when seen through the lens (simple microscope) =! 
rai li then angular magnificatian M is 

do E 


ou Se Mai 


When anglae are smell, træn ihep ara гү equal tê thelr 


jangenty. From Fig. 10:3 (m) and (bh), we find | TN 
Fiy, 10.9 
irzlma = Srani hacet а Single Mernncapa 


Dianea di һара î 


and ا‎ a 
[Шиги of ihe erage — 4. 


Since the image is at the least distance pf daana? vision, 


hanc. gad 
EA zd 
There, [t ua 
(he тїшї ттү® їйїп м= = 1. 
Qu © 


Fig. 18.4 {%). 
A Compound Micrearooa 


As we already know thal 
|, Sizeoltheihage _ Distance of the image 
O Stool the object Distance of the object 


a 
p 


a TTE eee 70 vM 
Therefore, М = WT Е m (10.5). 
For virtual irae, the dena formule is written as 

But qed 


d | d 
=m] = 
oF р 7 


Hence the magnification of a convex lens [simple 
microscope) сап be expressed ag 


Hance 


MERE; T Lus ИЛҮҮ 
e B f А ret ) 
H is thus, оце that for a lens of high angular 
maoniicaton the focal langth should ba small lf, for 
example. e 5 cri amd = 25cm, then = 6. the object 
would look six times larger when viewed through such а lens. — 
Whenever high magnification is desired, @ compound 
microscope is used. H consists of two: convex lenses, an 
object lens of very short focal length and an eye-place of 


comparatively longer focal langth The ray diagram of a 
compound microscope is given In Fig. 10,4 (а). 


Fig tela], 
‘i аа А 
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The object of eight h is pieced [ust beyond the principal 
focus Of the objective, This produces a real, magnified 
image of height fs of the object at а place situated within 
the focal point of the eye-piace. Nin then further magnified 
by the eye-piece, In noomal‘adustment the aye-pieoe lis 
positioned so that the final image i& formed el the near 
paint ol tha буз m n distance d 


Tha angular magnification M af a compound microscope is 
defined to be the ratio teni! Earn 01, where B, is the angle 
subiended by the final image of height ^ and fis the 
angle mat the object of height A would subtend ot tha eye I 
placed ai the near peint d (Fig. 10.3 а Now 


h f h 
f= = 
tan d and an fa d 
lanBa A 
Thus, magnification M= Lui a наар 
uni d î h 
hi 
ür Mz ds 


where ralio hh fs the ваг magnificaiion M; of the 
objectve and hz/f îs ihe magnification Ms of the eyaplace. 
Hence, total magnification ів 


Masa id; 
By Eq, 10.5 and Eq. 10.6, M, -q/pand M;-1- dif, 
Hence. Ma tie proce nen 


lt is customary In nadar the values of M as multiples of 5, 10, 
40 ec, and are marked gs x5, x10, x 4D ato. on the 
instrurmarit. 


The limit to which s microscope can be used to resolve 
detalla, depends on the widlh of the objective A wider 
cbeclem and ase cf bue light of shon wavelength 
préxhuces lesa diffraction ard allows moro details b» ba 
saen. 
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Example 10.1: A microscope has an objective lens of 
10 mm focal fangth, costi bal scien 
length, What Je the distance betwoon the lenses and its 


тесе it the object ie in sharp focus when if is 
10.5 mim Tror the objective? 


Solution: II we consider the objective alone 
POST = 3 
105mm oF men 

if we consider the eye piece alone, with tho virtual image at 

the feast distance of distinct vision d =-250 mm 


ЕНЕ Se 


gp -.25)mm .25mm 
Distance between Lenses =g * ps2 Tümm * 22.7 mms 233mm. 


ог g=210mm 


ar  p-227 mm 


Magnification by objective 
q 210mm 


Mm — = ———— -200 
2 10.597 | 


Magnification by eye place 
> - S mnt 


E 
22 7mm 


n «171.0 


Total magnification 1 
Mz My з М, 

720 x (110) 5 -220 

-iwe sign indicates that the image is virtual. 


Telescope is mn optical device used for -viowing. distant 
objects. The image of a distant object. viewed through a 
telescope sppears larger because й spbtends a bigger 
visual Bogle than when viewed wih tme naked eye. Initially 
ihe axienisiva use of the Telescopes wes for astronomical 
observations. These lwescopes are called astronomical 
telescopes. А simple astronomical: telescope consists ol 
Iwo convex lenses, an objective of lang focal length f, and: 
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an aye piece of short focal length f: The objective forms a 
real, inverted and diminished image AB'of g distant object 
АВ. This nea! image A'B' arts as obeect for the Bye 
piece which ls шый aa а туды glass The final Tris 
Een through fne eye-piece xs virbuat enlarged and inverted, 
Fig. 10.5 shows the paih of rays through an astroncmical 
telescope, 


When a very distant object E viewed. Thi rays ol light 
coming from any of ds роп {say as top) are considered 
parallel and 1hese parallel nye sre converged by tha 
objective (п form а real image А'Н' at da fecus. Ir И is 
desired jo see the final image through the aye-pleca 
without amy strain on the eye; the eyepiece musi ba 
placed eo thal the Image A'B' hea aL itg focus: The raya 
afer refraction through the myu-pisce will become parallel 
and the final image appears te be formed ar infinity, In this 
согот ihe image A'B^ tormad ty Ihe objecit bes at 
the focus al both the objective and Tha eye-piece and Ihe 
telescope ig ssid to be in normal adgusimarit. 

Let us now compan the magntying power oof am 
aaironamscal telescope in nonmal-ad|u&trment The angle a 
sublended at ihe unaldad «ye is practically the same as 
subltanded al the objective and it is equal to A'OB Thus 


8 AB 
ёв f 


i-a 


КУКЕ, 


Ralecting Hime 


The angle Ё subtended at the eye by the final image iE 
equalin. А’ О” В" Thus 


A'B' АВ 
= апр -— = 
1 Ё e 7 
p 7554 
Magnifying power of the telescope = — = Poste 
/h 
M Е А. a Ana 4 Fita: (10.8) 
5. 
=, 
F 
„ Focal laye of the objective 
Focal langi cf the үг нкт 


|t may be noted that the distance between the objective 
and oye-piece of a tolescope in normal adjustments К, 4 f. 
which equals the length ûf the telescope. 


Besides having а high magnifying power anole: problem 
which confronis the astronomers while Gesigning a 
telescope to see the distant planets and stars [s that they 
would like to gather as much light form the object вв 
possible, This defficulby is overcomes by using the-obpective 
nf large apertura so (hat itcollecis а great amount of light 
Treni ihe astronomical objects. Thus a good telescope has 
айнын OE OER OON زو‎ are аре ا‎ 


^ spectrameter la an optical device used bo study spectra 
from тегеп! sources of light, With the help of a 
spectrometer, the deviation of light by a glass prism and 
Ine refractive indek of ihe material of ihe prism сап be 
measured quite accurate. Using a diffraction grating, the 
specirometer-can be employed to measure ihe wave 
length af the tight, 


The essential companents of а spectramaler аге shown In 
Fig, ЛОВ [a]. 
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Кай [aj 
Schematic Штип пй ж npacirseaipr, 


Collimatat 


It consists Wa fixed metallis tuba with a convex lans at one 
and and an adpustabie alit, that can slide in and out of the 
lube, al ihe other end. Whan the sih js jusi at ihe focus of 
ihe convex lens, the rays of light coming out of tha lans 
become parallel Far this reason, ijs called a callimator. 


Ium Table 


А prism or а grating is placed on a tum fable which ta 
capable of rotating about a fied vertical axis, A citowar 
scale, craduatad iri half dogreas, is atiachaed with it. 


A telescope le atiached wih а vemler scale and ia 
таа е гашт Hè sarmo vertical axis as Bo bunt tabia: 


Before using a spectrometer, one should be suse that the 
climate is so adjusted that parallal rays of Bight emerge 
nut of lt convex lenis: The telescope ia adjusted in euch a 
way lhat Ehe rays of light antering IL are focussed at the 
cross wires naar the eyg-piaca. Finally, the refracting edga 
of ihe prism must be parallel to the axis of rotation of ihe 
lelescape so tial ihe turn table is levalled. This can be 
done by using the levelling screws. 
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Fig. 10,6 (ij 


= x4 = 


13 2, 


Ligh travels s зе (| lis vary Чї Ber rrvesaesi anas ii 


speed, Gables was Ihe first person io make ап attempt to 
measure its speed Although he did nol succeed in the 
measurement al ine speed af light, yet he was convinced 
that the light does lake some time tà travel from ere place 
"9". io another, Given beicw is one of the accurate methods el 
delermiming the apeed of bight which 15. known as 
Michelion s experiment, 


In this axpenmant, the speed of light was datemined by 
measuring the time It tock to cover a round trip- between two 
mountains, Thy distance: brien te lwo rmountalns was 
measured accurately. The experimental set up іа shown 
in Fig. 30.7 


An eighi-sidad polished mirror M rs mounted on the shaft of 
g-motar whose velocity can be varied, Suppose Ie tenor 
is Stationary in the position: shown in The figura. A beam of 
Ihi from the face i oi tha manor M Fatis at the plane: тїї 
m placed at m distance d from M. The beam is reflected 
back from tha mirror m and falis on the face 2 of the mirror 
M. On rolegion from lace 3, it enters the telescope. 


Ite mirar M is rothad clockwise) initially ihe source: will 
nat be: visible through the telescope. When the mirror. M 
fins a Селат eppi, Ihe source 5 becomes visible This 
happens when tne firne taken by fight moving from M 1n 
in and back to M is equal to tne firme takon by tier 2 to 
mewe dd the posited of face 1. 


Angle sublended by amy side of tbe elght-sidesd minor at 
the centre lS AE. IF hin the fraquemecy of this minor M, 
when ihe source 5 is visible through the telescope, then 
Arie irre teken by fhe mirror to rotate through an angie 2 
ja. 1//, So, the time Taken Sy ihe mirror M Te rotate through 
an angle 2178 is 

f= ec x as zz Dy 

zu  & omi 


The time akan by Beh for Иш pesesge lom M 1б m and 
back is Zur where c Ss Ihe speed bf light, These two times 
иги equa 


224 


ER 
av 4 3 ES таа (10:81 


Thi» aquabon-was Used to-aeterminae Ine speed of light by 
Michelson. Presently accepted value fnr the-spead of light 
m асат m 


om 2.857H245B x 10* ma’! 
we ишү round this О 103.007 10" ma’! 


The spend al light in other matenats js alwaya laes than с: 
In media ather than vacuum, (Е deperta upon The mature of 
the medium. However, the speed of fight in air is 
approximately equal in that in vacuum and generally taken 
E in calculators | 


Fer hundreds of yaar man has nomimmeecabed using 
hashes of reflected sunlight by cay and tanlams by might. 
Manny examen still mse poweria biker lights io transmit 
coded messages to alher ships dung periods of radic- 
gilenee. Light communication has fiot been confined i 
Simple dots and dashes. |t is an interesting bul Hie knowin 
fact that Alexander Graham Ball invented a device known 
as "рїп phone” shortly affer his invention of teephone, 
Bells photo phone used a madulsied beam of reflected 
sunligh4, totus! upon û Selenium detector several 
hundrad metras-avway. With the device, Ball wos sile 18 
алат е voice message vis d Беат ef light. The idea 
remained dormant for many year. Dang the recent past 
ihe idea of iranemission of light through thin optical fibres 
hes been revived and is now Being used in communication 
technalegy, 


The use of ight as a binsmission carrier. weve in fibres 
oplice has several advantages over radio wave chrriam 
auch as а much wider апам cipabilily ane immunity 
{rom ebectrcmagnetie йе Таас 


za5 


Wis so used to {гий ighi amond common and into 
inaccessible places so that fne Tormey unabiservabia. could 
ba viewed. The use of fibre пр! reos in industry i. no 
very common, axi Eur partaa am (їлїш tools in 
medicine пав been proved (0. 10.8 a and t). 


Recently ihe fipre opic technology has oyolved: into 
паи much more. important gad useki — a 
соттаса systam of anmmmous capabilities, 


One featur of much a system в i ВЫШ te transmit 
thousands of telephone conversations, Seaia bolivian 
programs and mamernus data signals - babween stations 
rough one of two юй, hair = thin Threada- of optical 
fibre. With. the tremendous information camying capacity 
called the bandwidih. fibre otic systema hevê undoubbedly 
made practical such services as two way television which 
Wes too costly before the develooment of fibro opcs 
These. systems ale allow won processing, image 
transmitting and ricalving equipment to- operaie efficiently, 


in adition 1o giving ап extremely wide bandwidth. ihe fibre 
optic system has much thinner and Tight weight cables, An 
орбса! fibre wilhi re protecive case may be REA БП mm 
in diarmeler, and yet it сап replace а 7.52 спі diameter 
bundit of copper wines now used fo carry [me same 
amount of signas. 


Propagation of ligrit in an optical fibre requires inal thie light 
should be totally corned within the fibre, 


This my be done by ЫШ imierngl reflection end continucus 
réfractian 


One of tha qualities af any optically transparent-materal ге 
fhe speed al which ighi ines whin thie marerial, Le. it 
depends upon the refractive index | nl ihm mamiak The 
indèx ol retraction i merely ther reio of the speed of lye 
© dm vacuum to De speed of Hof in thal malenim 
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aL eee 
having different refractive indices can reflect or miiract gM | 
rays. The aienount and direction of reflaction or refraction ip. | 


determined by the amount of difference in. retractiva indices 

лн: an dC ы CAN ы сш М 

oe anglo kadie crete tha. angle of is equal t 
sobole oia ih Е pasing OUD dase a тав 

critical angie t; shown in 
Fig. ене аге [тек Mafia wilh Ere & law 
n,&in й, s n, sin d, 

From Fig. 108 (a),  whgn G4, BBD" 

thes. nnl -n a sm оеп, 

Far incidant anglas equal 1n or greater than the critical angle, 

ihe glass -sir boundary will actas a miror and no light 

escapes trom ihe glass (Fig. 10.9. Б). For glass-air boundary. 

i AU 


ме һаа ainge т а ТЕ or gapim 


that it strike the glass air boundary at an angie of incidence 
about 30". 


Ves DRE Sui 


Since ‘this. im les than ihe My xi it pepe fom 

Ese rod sind be lost Raya al 42^ will ber reflacted back inte 
ihe rod, ве will ray 3 at 8)' Since the angle of. Tellection 
equas the angle of incidenca, thase hwo rays will continue 
lc propagate down Ihe rod, along paths determined fry 
the original angles of Incidence, Ray 4 ig called an axial 
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Single Mode Siep Index Fibri 


Single mode or mano mode step index fibra has a very thin 
core of aboul 5 ym diameter and has a relatively larger 
adding (of glass nr plastic) аз shown in Fig. 10.13. Since 
й has a very Thin cone, a Strong monachromaric light source 
ia. alase source has to be used To send Bght signals 
through. IL ЇЇ can camy morethan 14 TV channels ar T4000 
phone calls,  . 


Multimoda Step Index Flbre 


This type af fire has а соге of pela tively larger diameter such 
as BU jim. Н is mostly weed for carrying white light but due to 
dispersion aissi, i ia useful fora shon distance only. The 
fibre сога has a constant pofractive index n euch as 1.52, 
from its centre to the boundary with the cladding es shown 
in Fig, 10.14, The relractboa index thon changes tòa lower 
value ny, such as 1.48, which remains constant throughout 


This is called a step-index multimode fibre, because the 
melractive index steps down from 1.52 10 148 at tha 
boundary with the cladding. 


| ҮП Multimate Graded Index Fibro 


Mul mode graded index fipre has core which ranges In 
demeter from 50 1б 1000 pm. N has а core of relatively high 
refractive indax and tho nifractbees index (сга зат gradually 
from the middle to the outer surface of tha fibre. There is no 
noticeable boundary between core and cladding. Thestype 
or fona i called a mull rode graded-indax fore (Fig. 10.18) 
and m useful. for hang distance applicallans in which white 
fight ia used. The made of Iransmission of light through thes 
[ура d fibre is alec the same, Le. continuous refracion from 
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{һа surfaces of smoathiy decreasing refractive index and the 
е reflection fram the boundary nof tha- ouia 
surfaces 


Ear pla 16.2: Ша! дий d тїс! angla sind saper ar miiy 
{onan optical fibre Tureing core of refractive index 1.50 ard 
сї саната idea 1 348. 

Бий Wars — 41-1230, n-14B 


Frank Эт in nam | =n eink 

vl {= Ak, 1-50 

5o | STARE, = LAE ein So" 

Wile gies й = DE 

From tlie Fi. 10.38, бй = =" 
Again using Speirs law, we hie ET „15 


which gives ains 150s жотал 

(hight beam ipeidentst the end {Питина Iba zl en 
ange дгеллаг ihan 14.27, tota nemal rsfiéciion woud nat 
ine pida: 


A nbre-oplis eoamrruinicatian system consésts-of three major 
components; (1. a transmitter thal converts: їйїгїш 
signals to ght signals. (ll) an optical Ware for guiding ine 
signas and (H) a receiwer That captures the Baht signals 
Bl the other end of the fibre and reconverts them to 
electric aigniale. 

The light source in the transmitter can be ейһег a 
semiconductor laser or a light emitting diode (LED). With 
either devion, tte light emitind is an invisible infra-red 
signals. Fhe typical wavéelengih t 1.3 шт. 
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Such m light will (revel much Taster theoagh roon m 
than will either visible cx ultra-vialet ight Тз Baars and 
LEDs used in this application are tiny undi {lesa than hall 
{he eine of the hurmbnail) In order to malen the size of the 
fiios. Та агугай Information ty light waves, whether It Is - 
йв budio signal, a іаво. signal оғ а compuler date 
signal, jt 16 recessary to module thi ight waves, The 
most common malhed of modulstion = called digital 
Pd uno in which the laser ar LED ім Htashed on and ой 

ai an eiiremaly fast fate, Apulie of light rapeesants the 
number ı1 and the sbsencs of light represents zem. In & 
sense, instead of ashes of light traveling dewri tha fibre, 
ones (15) and zeros (Oe) ane туп dewn the path 


pira! hm 
Mazina rana: '\ ae Epi jeta 


Ezi raa А | шерү 
en Chapa het рии 

Fig. 1017 

Vh. eemper ibe emma ime communication ear ba: 
represented by a parteular patter or ende ol these 14 and 
Oa. The receiver je programmet fo decode the t& and (s, fuus 
i rosies, the-scund, pictures or date as required. Digital 
modulation эв expressed in bi | binary digit ar megabits 
(107 biis) pier secon, where ài bit isa jc ога 0, 


Despite the ultra-purity (99.90% glass] of the optical fibre, 
the gil signals: eventually become den and meast be 
rhgenorated by devices called геремега. Repeaters ага 
Wpis paced goo 30m апап, bib in ihe. newer 
gyatera they may be seperated by ав mash ae 100 kn, 


Ap the end úl 1+ fibre. n adios ag 
пеп, witel are then artesifie! and decoded, if 
lo жигитин the sonals originai transmitted (Fig, Mm. 


When а light signal travels mong fibres by {тай 
reflection, some light Ip absorbed die to impurities in Tho. 
glass. Sona of Ы scattered by groups of atomes which are 
formed al places such as joints when fibres are joined. 
їйїн. Гоага [шй таас асот ад can radios fhe power longs 
bn -scatrerimg and absorption, М 


эз 


The Infomation recsiwaed at the cher and of a Bore can bi 
inaccurate due bo despersion of soreading of the light signal 
Also the boat signal may not be perfectly manochromatie in 
auch B casa, а narrow band of waleetengits an era def in 
different directeurs when. pne tont signal enters the glaes fibre 
and ihe ht spreads. 


Fig. 10,18 (aj shows tha: pates of light-af inre diferent 
wüvelengtha 1 i; and A, A. meets the core-cladding al 
Ihe eritieal angie and à; ands, at slightly greater angles. АЙ 
ihe: rays travel along the fibre by mullipla reflections as 
é&xplainad sartier. But the light paths have differant lengths. 
Ба tha fight of different wervelengins reaches tha eher end 
of the fibre at-different times. The sighal received is. 
therefore, faulty or distorted. 


Tha disadvantage of the step-index fibra (Fig. 10.18 a) can 
considerably be reduced Ey using a graded index fibre. As 
shown in Fig. 10.78 (bj. the differant wavelength. still taka 
different paths and are totally internally reflected al 
diferent loyers, Gul st] they are focussed al ine seme 


"уты paint їка X and Y alc. [ris pessible because the speed is 

Light: patha e faj m Inversel-proportional to- the refractive index Su the 

ne m wavelength »., Iravels a longer path than x, dr Xs but at a 
graater speed. 


inspite of the differant dispersion, all the wavelengths 
arrive at the other end of the fire at The same time, With B 
stüp-index fibre, lhe overall ite diferenca may be about 
dane mer km length ot fibre. Using a graced index fibre, the 
hime différence o reduced 1n abi 1 ns per km. 


SUMMARY. 
Least distance of diting vision js (he miinimum distance from the eye st which ar 
пс арроага te be diging. 
Madgnificatlan is the ralio of the se of the image so the swe of tha abject, which 


equals fo Ahê rabo of ihe distance of the image lo the ciues xr the снн! from 
ihe teris or mirror. 


Magni power or wur magnification di The ancle subtended by the: image 
as Seen Ihreugh the eplical device to thal sublanded by the object at He unaided 
aya, 

Resching power ia he ability of an Inatrument io reveal the miror: details: of the 
object under exnrminalian. 


Simpie gris oe РИО rs Чий Le ile stp 
distinct. The m RE tn 


Mz Fh - i 


Cempound microscope consisty of fWo-corex lensis, Sn obiective ten ul vary Shion 
focal lüngth and an aye piece of modemin focal length. Thet-magnifying power ara 
Compound micriscope is given by 


we 211+ Sy 
Bg Е 


Telescope [sar optical inetrumarnt used-to-see distant object The magnifying power ol | 
trug telescope in given by 

= 
Spscirormler ii am oplicst devici used ln study apectru from diferent sources of light. 
Mir cif тйгп |e the raria of speed et light Ir vacuum Io the speed of light in the 
imitari 
Сосн angie is the angle of inckienco in the danser median for which the angir of 
refractscn in the авон tha dira is aqua te 90. 


When: the angle ef incidence becomes greater than the entiesl angle or that malarial, 
the incident ray is reflected in (he same material, which & Gaiied tomi тта 
nattaction: 


Cladding is a layer ol lower refractive index (Jess dansity) ever the euntral core of 
high refractive index (high density) 


Mum made step Index. Siboo i-am apbca fione m whieh û layer of lower refractive 
index js over The-central Gore of highchair alive Indes. 


Миң! made graded Index fibre i-am. oplaat fibre In when the central: core hee high 
retractiom indax and iis dereslly gra Сау dacraases towards lin pariphery. 


'QUESTIONS| 
Di What de you understand by linear magnification and angular magnification? 
Explain howe сопуех lens is Used às a maágnifier? 


Explain the diflerance between angular magnification and resolving power of an 
Optical instrument What limits the magnification of an optical instrument? 


23 Why woul? It be advantageous to vse bius light wilh а compound microscope? 


04 One Gan buy a cheap гпіогозсоре for use by the children: The images sean In such 
а microscope have colourod edges Why is this so 


k5 
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10.5 Describe with It help of diagrams, how (a) a single biconvex tens can be used as 
a magnifying glass. (bY biconvex lenses can be arranged 10 form à microscope. 
10.6 Ia person was looking through а telascope- at the Tull moon, how would the 

appearance of the moon be changed by covering half ol the objectrve lans 


10.7 A magnifying glass gives a five times enlarged image at a distance of 25 cm trom 
the lens, Find, by ray diagram, the focal tengih of the iens. 


“40.8 Identify the correct answer. 
{i} Tha resolving power of a compound microscope dapands on: 
а. Length of the microscope. 
b The diameter of the objective lens, _ 
c. The diameter ofthe eyepece — 
d. The position of an observer's eye with regard to tha aye lens. 
0) — The resolving power of an astronomical telescope depends or 
а The focal length of the objective lens, 
b. The krast distance of distinc! vision of the observer. 
€ The focal length of the eye tens. 
га The &ameter of the objective lens. 
105 Draw sketches showing the ی‎ NPR PERA rdi арноо ыды 
mode fibre, Why is the single-mode fibre preferred in telecommunications 
10.10 How the light signal is transmitted through the optical fibre? 
10.11 How the power és lost in optical fibre through dispersion? Explain, 


(Аля: (lj 42 ст {й)60; 5.0} 


102 А telescope objective has focal length 96 cm and Gismeter 12 cm. Calculate tha 
focal имез and minimum diameter of à simple eye piece lens for use wilh the 
telescope, # the linear magnification required is 24 times and all the light trieismiltesd 
by the objective from a distant point on the lolescope axis is to fall on the aye place, 


(Ana: f, = 4.0 cm, d'a = 0.50 cm) 


410.9 ^Atielescooe s made of an objectye of foam langt 2û gr and am eye paca ct 
5 Dcm, both convex lenses: Find The anguiarmagnifeation. 


[Ans HOF 


10.4 -A simpia astronomical telescope in normal adjustment has an objective ої focal: 
length kam and an oye ips fp ea оит ii) Where 13 the final image: 
formed? (il) Calculate the angular magnification 


[&ns: {үү minit (Hy 20] 


105 A point object is placed on the axis of and 3.6 om from a thin convex Senis of focal 
length. 3.0 em -A second Thin convex [eng of focal length 16.0 cm it placed eoaxint 
wilh the first and 26.0 cm from it orn the side away from the object. Find the position 
ot the fing! Image produced by the two lenses. 


(Ans: 16 cm fram second bans) 


10.8 А compound тісговсора has lenses of focal length 1.0 cm and 3.0 om. An object 
is. placed 1.2 cm fram the object lens, I a virtizal image is farmad, 25 em from the 
ye, calculate the separation of fhe lenses ind Ene: magnification af tha Instrument: 


(Ans: Ai? em, 47) 


10.7 Sodium light of wavelength БЕЙ nm ia-used to view ап object under а microscope, 
IF the aperture of the objective i 0.90 cm, (1) find the limiting angle of resaluban, 
il) using visible light of any wavelength, what lê the аттат гта line ef БЕН] für 
thie: microscope, 


jare (1) 8:D-x 107 rad; (i) 5.4 x 107 rad] 


10.8 An astronornical telescope having magnifying power of 5 consist of two thin lenses 
24m apart Flud the Waal npe SENE BRAA 


(Ans: 20 am, :4 em] 


10,9. A glass light pipa im air will totally InbarrusEy releni a light ray @ Ils angle of nesters 
is atleast 28^. What ie thi minimum angle for Хола! intemal refiection if pipe is in 
water? (Refracties index of watir = 1.43) 

[Arie sr] 


1ü:tü The refractiva index af the sore end cladding of an optical fire arg 1:8 and 1.4 
respectively. Calculate (i) the critical angle for the Inlarface (i) the maximum angie 
of incidence in the air of a ray which enters the fibre and (а incident et the cortical 
бе cn Bs interface 


* 


решта: 110-61". (0) 51°] 
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Atte end of this chapter the students will be able to: 


LI 
r: 


State the basic postulates of Kinetic theory of gases, 


2. Explain how malecular movement causes the pressure exerted by a gas and 
derive the equation Р =2/3 N,< Y ту?>, where N, is the number of molecules 
. per unit volume of the gas. 


3. Deduce that the average translational kinetic energy of molecules is proportional 
te temperature of tha gas. 
4. Derive gas laws on the basis of Kinetic theory, 


5 Describe that the internal energy of an ideal gas is due to kinetic energy of its 
molecules. 


6 Understand and use the terms work and heat in thermodynamics. 
7. Differentiate between isothermal and adiabatic processes, 
. &. Explain the molar specific heats of a gas. 
9. Apply first law of thermodynamics to derive C, - C, = К. 
10. Explain the second law of thermodynamics and its meaning in terms of entropy: 
11. Understand the concept af reversible and irreversible processes. 
12. Define the term heat engine. 
13. Understand and describe Carnot theorem. [x 
14. Describe the thermodynamic scale of temperature. 
15. Describe the working of petrol and diesel engines. 
16. Explain the term entropy. 
AQ 


17. Explain that change in entropy AS = + F 
18. Appreciate environmental crisis as an entropy crisis. 
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B. deals with various phenomena of 
energy and related properties of matter, especially the 
"transformation of heat into other forms of energy. An example 
of such transformation is the process converting heat into 
mechanical work. Thermodynamics thus plays central role in 
technology, since almost all the raw energy available for our 
use Is liberated іп the form of heat, In this chapter we shall 
study the behaviour of gases and laws of thermodynamics, 
their significance and applications. 


The behavior of gases is well accounted for by the kinetic. 
theory based on microscopic approach. Evidence in favour 
of the theory is exhibited in diffusion of gases and 
Brownian motion of smoke particles etc. 


The following postulates help to formulate a mathematical 
model of gases. 


i. A finite volume of gas consists of very large 
number of molecules. 


ii. The size of the molecules is much smaller than 
the separation between molecules. 


йі, The gas molecules аге in random motion and 
may change their direction of motion after every 
collision. 


iv. Collision between gas molecules themselves 
and with walls of container are assumed to be 
perfectly elastic. 


М. Mélecules do not exert force on each other 
except during a collision, 


Pressure of Gas : 


According to kinetic theory, the pressure exerted by a gas 
is merely the momentum transferred to the walls of the 
container per second per unit area due to the continuous 
collisions of molecules of the gas. An expression for the 
pressure exerted by a gas can, therefore, be obtained as 
follows: 
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Let a cubical vessel of side /, contains М molecules, each of 
mass m (Fig.11. 1). The velocity у, of any one of these molecules 
can be resolved inta three rectangular components vi Viy, Viz 
parallel to three co-ordinate axes x, y and z. 


Initial momentum of the molecule striking the face ABCDA 
is then ту. If the collision is assumed perfectly elastic, 
the molecule will rebound from the face ABCDA with the 
same speed. Thus each collision produces a change in 
momentum, which is equal to 


Final momentum - Initial momentum 
or change aisi = ту = ТУ 


‘hier recoil ti тат: ПБС Катер to opposite cum EFGHE 
and collides with It, rebounds and travels back to the face 
ABCDA after covering a distance 2/. The time At between 
two successive collisions with face ABCDA is 


mi а 
А Е row سا‎ = 


So the number of collisions per second that the molecule 
will make with this face is MES 


Thus the rate of change of momentum of the molecule due 


m" 
тту, 
j 


The rate of change of momentum of the molecule is equal 
to the force applied by the wall. According to Newton's 
third law of motion, force Fı, exerted by the molecule on 
face ABCDA is equal but opposite, во: 


Б. = СТУ) „ти, 
5 I Ї 


Similarly the forces due to all other molecules can be 
determined. Thus tie tolei x-direciod. Torce Fa due to N 


to collisions with face ABCDA =-2 mw, х uc 
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«vi», Substituting <v;> in parenthesis of pressure 
expressin i | 


Seria preset oo i faces элинен ie ERIT 
axes willbe P, =p <v} >and Р, =p <> c 


As there is no preference to one direction or another and 
` molecules are supposed to be moving randomly, the mean 
| square of all the componant velocities will be equal. Hence 


sv >=<уў > acy? > 
and from vector addition <v?> =< > + «v» + «vi» 
thus, <yi>=3<y'> 


or ED > = < 
putting this value of < v > in equation 11.4 
P= = evi» 


We have considered the pressure on the face 
perpendicular to x-axis. 


By Pascal's Law the pressure on the. other sides and 
everywhere inside the vessel will be the same provided the 
gas is of uniform density. So | 


P,=P,= „=E => 


Thus їп general 


Р = م‎ >< 


Since densilyP = me 


P= =n, t mv» 


where N, is the number of molecules per unit volume. 
Thus, Р= Constant «KE.» 
or Рх «KE» 


While deriving the. ‘equation for pressure. we fais not 
accounted rotational and vibrational motion of molecules 
exocapt the linear motion. 


Hence pressure exerted by the qas is directly proportional 
to the average transiationa| kinetic energy of the gas 
molecules. 


Interpretation of Temperature 
From experimental data the ideal gas law is deduced to be 


Where n is the number of moles of the gas contained in 
volume V at absolute temperature T апа R is called 
universal gas constant. Its value is 8.314 J mol! К. 


If Na is the: Avogadro number, then the above equation can 
be written as 


ج 


where К = RIN, isthe Boltzman constant, It is the , gas 
constantper molecule and has the value = 1.38 x 10™ JK’. 
Comparing equations 11.5 and 11.7 


i 24] 


22y 1 2 
МКТ a eg mv > 


T — Ha el my lu (11.8) 


ak 2 
or Т = constant = К.Е. > 
50 Т=<КЕ. > 


This relation shows that Absolute temperature of an ideal 
gas is directly proportional to the average translational 
kinetic energy of gas molecules. 


We can, therefore, also say that average translational 
kinetic energy of the gas molecules shows itself 
macroscopically in the form of temperature. 


Derivation of Gas Laws 


(I) Boyle's Law 
From kinetic theory of gases (Eq. 11.5) 
Ру = E N e mv?» 


If we keep the temperature constant, average К.Е. i.e., 
€ 12 > remains constant, so the right hand side of the 
equation is constant. 


Hence —— . PV = Constant 

or Р = М 

Thus pressure Р is inversely proportional to volume V at 
constant temperature of the gas which is Boyle's law. 

(ii) Charles' Law 

Equation 11.5 can be written as 


2 Ni 2 
ре 


If pressure is kept constant 
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The sum of all forms of molecular energies (kinetic and 
potential) of a substance is termed as ils internal energy. In 
the study of thermodynamics, usually ideal gas is 
considered as a working substance. The molecules of an 
ideal gas are mere mass points which exert no forces on 
one another. So the internal energy af an ideal gas system 
is generally the translational K.E. of its molecules. Since 
the temperature of a system is defined as the average K.E: 
of its molecules, thus for an ideal gas system, the internal 
energy is directly proportional to its temperature. 


When we heat a substance, energy associated with its 
atoms or molecules is increased le, heat is converted to 
internal energy. 


it is Important to note that energy can be added to a 
system even though no heat transfer takes place. For 
example, when two objects are rubbed together, their 
internal energy increases because of mechanical work. 
The increase in temperature of the object is an indication 
of increase in the internal energy. Similarly, when an object 
slides over any surface and comes to rest because of 
frictional forces, the mechanical work done on or by the 
system is partially converted into internal energy. 


in thermodynamics, internal energy is a function of state. 
Consequently, it does not depend on path but depends on 
initial and final states of the system, Consider a system which 
undergoes a pressure and volume change from P, and V, to 
P, and Vb respectively, regardless of the process by which 
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the system changes from initial fo final state. By experiment it 
has been seen that the change in interna! energy is always 
the same and is independentof paths C, and C; as shown іп. 


Thus internal energy is similar to the gravitational РЕ. So 
like the potential energy, it is the change in internal energy 
and not its absolute value, which is important. 


We know that both heat and work correspond to transfer of 
energy by some means. The idea was first applied to the 
steam engine where it was natural іо pump heat in and 
gel work out. Consequently it made a sense to define both 
heat in and work out as posilive quantities. Hence work 
done by the system on its environment is considered +ive 
while work done on the system by the environment Is taken 
ав ме, If an amount of heat Q enters the system it could 
manifest itself as either an increase in intemal energy or as 
a resulting quantity of work performed by the system on 
the surrounding or both. 


We can express the work in terms of directly measurable 


variables. ‘Consider the gas enclosed in the cylinder with a 
moveable, frictionless piston of cross-sectional area A (Fig. 
11.3 а), In equilibrium the system occupies volume V, and 
exerts a pressure P on the walls of the cylinder and its 
piston. The force F exerted by the gas on the piston is РА. 


We assume that the gas expands through AV very slowly, 

so that it remains in equilibrium (Fig. 11:3 b). As the piston 
moves up through a small distance Ay, the work (W) бопе 
by the gas is 


W = FAy=PAAy 


Since v. AV plis A Miis 


The work done can also = calculated by area of the 
curve under P-V graph as shown in Fig. 11.4, 

Knowing the details of the change in intemal energy and 

the mechanical work done, we are in a position to describe 

the general principles which deal with heat energy and its 


245 


transformation Into mechanical energy. These principles 
are known as laws of thermodynamics. 


| For Your Information | When heat is added to а system there is an increase in the 


internal energy due to the rise in temperature, an increase 

+0 in pressure or change in the state. Ifat the same time, a 
substance is allowed to do work on its environment by 

Heat expansion, the heat Q required will be the heat necessary 

pen] — — to change the intemal energy of the substance from Шу іп 
the first state to LU; in the second state plus the work W 


ь i 


done on the environment. 
QD RED ш Q-AU*W e 011.10) 
Work 


Aw [Smen]- —— Thus the change in internal energy AU = Û, = U; is defined 

) ponis woe E daa ca te 
the state, the first law of thermodynamics, thus can be 
stated as, 


A bicycle pump provides a good example.When we pump 
on the handie rapidly, it becomes hot due to 
mechanical work done on the gas, raising thereby its internal 
energy. One such simple arrangement is shown inFig.11.5. 
It consists of a bicycle pump with a blocked оше! A 
rib pens aisi cipem degli 
the air temperature to be monitored. When piston is rapidly 
SNR pushed, thermometer shows a temperature rise due lo 
кел; increase of intemal energy of the air, The push force does 
work on the air, thereby, increasing its internal energy, 

which is shown, by the increase in temperature of the air. 


Human metabolism also provides an example of energy 
conservalion. Human beings and other animals do work 
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cells and to replace old cells that have died. Energy 
transforming processes that occur within an organism are 
named as metabolism, We can apply the first law of 
thermodynamics, 


AU= Q- W 


isothermal Proces 


Ppp EE 
and hence the condition for the application of Boyle's Law 
on the gas is fulfilled. Therefore, when gas expands or 
compresses isothermally, the product of its pressure.and 
volume during the process remains constant. If P,, V, are 
initial pressure and volume where as P;, V2 are pressure 
and volume after the isothermal change takes place 
(Fig11.6-a), then ` 


P, ES Pako 
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V— K 


Fig 11.8(a) 


In case of an ideal gas, the PE. associated with its 
molecules is zero, hence, the internal energy of an ideal 
gas depends only on its temperature, which in this case 
remains constant, therefore, AU=0.Hence, the first 
law of thermodynamics reduces to 


О= И 


Thus if gas expands and does external work W, an amount 
of heat Q has to be supplied to the gas in order to produce 
an isothermal change. Since transfer of heat from one place 
to another requires time, hence, to keep the temperature of 
tha gas constant, the expansion or compression must take 
place slowly. The curve representing an Isothermal process 
is called an isotherm (Fig. 11.6a). 


An adiabatic process is the one in which no heat enters or 
leaves the system. Therefore, О =0 and the first law of 
thermodynamics gives = 

i = 

Thus if the gas expands and does external work, it is done 
at the expense of the internal energy of its molecules and, 
hence, the temperature of the gas falls. Conversely an 
adiabatic compression causes the temperature of the gas to 
rise because of the work done on the gas. 

Adiabatic change occurs when the gas expands or ів 
compressed rapidly, particularly when the gas Is contained 
in an insulated cylinder. The examples of adiabatic 


processes are 
(1) The rapid escape of air from а burst tyre. 


(i) The rapid expansion and compression of air through 
which a sound wave is passing. 


(i) ^ Cloud formation in the atmosphere. 
In case of adiabatic changes it has been-seen thal 


PV" Constant | 
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where, у i5 the ratio of the molar specific heat of Ihe gas al 
constant pressure to molar specific heat al constant volume. 
The curve representing an adiabatic process is called an 
adiabat (Fig. 11.6 6). 


One kilogram of differant substances contain different 
number of molecules. Sometimes it is preferred to consider 
a quantity called a mole, since one mole of any substance 
contains the same number of molecules. The molar 
specific heat of the substance is defined as the heat 
required to raise the temperature of one mole of the 
substance through 1 K. In case of solids and liquids the 
change of volume and hence work done agains! external 
pressure during a change of temperature is negligibly 
small. But same can nof be said about gases which suffer 
variation in pressure as well as in volume with the rise in 
temperature. Hence, to study the effect of heating the 
gases, eilher pressure or volume is kept constant. Thus; it 
is customary to define the molar specific heats of a gas in 
two ways. 


(1) The molar specific heat-at constant volume is the 
amount of heat transfer required to raise the 
temperature of one mole of the gas through 1 К at 
constant volume andis symbolized by С, 


If 1 mole of an ideal gas Is heated al constant volume 
so that its temperature rises by AT, the heat 
transferred O, must be equal to. C, AT, Because 
AV = 0, no work is done (Fig 11.7. a). Applying first 
law of thermodynamics, ~ 


Q,zAU-*W 
Hence, С, AT АШ +O 


Кашан (ear) 
(i) ^ The molar snaho heat at constant pressure is the (8) 
amount of heat transfer. required (О raise the Fig. 11.7 
temperature of one mole of the gas through 1 К at 
constant pressure and itis represented by symbol 

C To raise the temperature of 1 mole of the gas 

by AT at constant pressure, the heat transfer ©, 

must be equal to C, AT (Fig 11.7 b); Thus; 


EEN | 
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Grae. У E (11.12) 


Derivation of C. 
When one mole of a gas is heated al constant pressure, the 
internal energy increases by the same amount as at 
constant volume for the same rise in temperature AT. Thus 
from Eq. 11.11 
AU = С, AT | 

Since the gas expands to keep the pressure constant, so it 
does work W = P AV, where AV is the increase in volume. 


Substituting the values of heat transfer Op, internal energy 
AU and the work done W in Eq.11.10, we get 


C, AT-C,AT*PAV ........... (11.13) 
Using equation 11.6 for one mole of an ideal gas, 
PU€RI У Әр (11.14) 


At constant pressure Р, amount of work done by one mole 
of a gas due to expansion AV (Fig. 11.7 b) caused by the 
rise in temperature AT is given by Eq. 11.14 


PAV=RAT 
Substituting for P AV in Eq. 11.13 
C, AT= C, AT+R AT 
or C,-C,*R 
or C-C =R айга RAB) 


It ls obvious from Eq. 11.15 that C, > C, by an amount 
equal to universal gas constant R. 


A reversible process is one which can be retraced in 
exactly reverse order, without producing any change in the 
surroundings. In the reverse process, the working 
substance passes through the same stages as in the direct 


process but thermal and mechanical effects at each stage 
are exactly reversed. If heat is absorbed in the direct 
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process, it will be given oul in the reverse process and if 
work is done by the substance in the direct process, work 
will be done on the substance in the reverse process. 
Hence, the working substance is restored to its original 
conditlons. 


Айкай actual change вото Цу ETE E bul бе 
processes of liquefaction and evaporation of a substance, 
performed slowly, are practically reversible. Similarly the 
slow compression of a gas in a cylinder is reversible 
process as the compression Sed be changed to 
expansion by slowly decreasing the pressure on the 
piston to reverse the operation. н 


All changes which occur suddenly ог which involve friction 
or dissipation of energy through conduction, convection or 
dete ve a tiA An example of highly irreversible 
process is an explosion. 


A heal engine converts some thermal energy to 
mechanical work. Usually the heat comes from the burning 
of a fuel. The earliest heat engine was the steam engine. It 
was developed on the fact that when water is boiled In a 
vessel covered with a lid, the steam inside tries to push the 
lid off showing the ability to do work. This observation 
helped to develop a steam engine. 
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Basically à heat engine (Fig. 11.8) consists of hot reservoir 
or source which can supply heat at high temperature and a 
cold reservoir or sink into which heat is rejected at a lower 
temperature. A working substance is needed which can 
absorb heat ©, from source, converts some of it into work 
W by its expansion and rejects the rest heat О; to the cold 
reservoir or sink. A heat engine is made cyclic to provide 
a continuous supply of work. 


First law of thermodynamics tells us that heat energy can 
be converted into equivalent amount of work, but it is silent 
about the conditions under which this conversion takes 
place. The second jaw is concemed with the 
circumstances in which heat can be converted into work 
and direction of fow of heat. 


Before initiating the discussion on formal statement of the 
second law of thermodynamics, let us analyze briefly the 
factual operation of an engine. The engine or the system 
represented by the block diagram Fig. 11.8 absarbs a 
quantity of heat О, from the heat source at temperature Ту. 
It does work Wand expels heat О» to low temperature 
reservoir al temperature Ta. As the working substance goes 
through-@ cyclic process, in which the substance eventually 
retums to its initial state, the change in internal energy is 
zero. Hence from the first law of thermodynamics, net work 
done should be equal to the net haal absorbed. 


W= Oy = о, 
In practice, the petrol engine of а motor car extracts heat 
from the burning fuel and converts a fraction of this energy 
to mechanical energy or work and expels the rest to 
atmosphere, lt has been observed that petrol engines 


convert roughly 25% and diesel engines 35 to 40% 
available heat energy into work. 


The second law of thermodynamics is a formal statement 
based on these observations. It can be stated in a number of 
different ways. 
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According to Lord Kelvin's statement based on iha working. 
of a heat i 


This means that a single heat reservoir, no matter how 
much energy it contains, can not be made to perform any 
work. This is true for oceans arid our atmosphere which 
contain a large amount of heat energy bul can not be 
converted into useful mechanical work. Às.a consequence 
of second law of thermodynamics, two bodies: at different 
temperatures are essential for the conversion of heat into 


work. Hence for the working of heat engine there must be 


a source of heat at a high temperature and a sink al low 
temperature to which heat may be expelled. The reason far 
our inability to utilize the heat contents of oceans and 
atmosphere is that there is no reservoir al a temperature 
lower than any опе of the two. 


Sadi Carnot in 1840 described an ideal engine using only 
isothermal and adiabatic processes, He showed that a 
heat engine operating in an ideal reversible cycle between 
two heat reservoirs at different temperatures, would be the 
most efficient engine. A Carnot cycle using an ideal gas as 
the working substance is shown on PV diagram (Fig. 11.9). 
It consists of following four steps. 


1. The gas is allowed to expand isothermally al 
temperature Т,, absorbing heat О; from the hot 
, reservoir, The process is represented by curve AB. 


2, Tha gas is then allowed to expand adiabatically until 
its temperature drops 16 T; The process is 
represented by curve BC. vv Tu 


3. The gas at this stage is compressed isothermally at 
temperature T; rejecting heat О; to the cold reservoir. 
“The process is represented by curve CD. 
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4. Finally the gas is compressed adiabatically to restore 
its initial state at temperature Т,. The process is 
represented by curve DA. 


Thermal and mechanical equilibrium is maintained all the 
lime so that each process is perfectly reversible. As the 
working substance returns to the initial state, there is no 
change in its internal energy i.e. АШ = Û. 


The net work done during one cycle equals to the area 
' enclosed by the path ABCDA of the PV diagram. It can 


also be estimated from net heat Q absorbed in one cycle. 
- Q=Q,-Q; 
From 1" law of thermodynamics 
| QzaU*W 
WsQi-Q 
The efficiency п of the heat engine is defined as 


_ Output (Work) 
Input (Energy) 


thus, Ы 


Ш 


Q,-O, _ Ur ттттаттттт 
MET. (11.16) 


ү, 


The energy transfer in an isothermal expansion or 
compression turns out to be proportional to Kelvin 
temperature. So Q, and Q; are proportional to Kelvin 
temperatures T, and T; respectively and hence, 


1= ma- -7 sese an (11.17) 


The efficiency is usually taken in percentage, in that case, 


Thus the efficiency of Carnot engine depends on the 
temperature of hot and cold reservoirs. It is independent of 
the nature of working substance. The larger the 
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temperature difference of two reservoirs, the greater is the 
efficiency, But it can never be one or 100% unless cold 
reservoir is at absolute zero temperature (T; = 0 К). 


. Such reservoirs are not available and hence the maximum 
efficiency is always less than one. Nevertheless the Carnot 
cycle establishes an upper limit on the efficiency of all neat 
engines. Mo practical heat engine can be perfectly 
reversible and also energy dissipation is inevitable. This 
fact is stated in Carnot's theorem 


No heat engine can be more efficient than a Carnot 


Tha Сатов theorem сап be extended to state that, 


In most practical cases, the cold reservoir is nearly at room 
temperature, So the efficiency can only be increased by . 
raising the temperature of hot reservoir. All real heat 
engines are less efficient than a engine due to iatan 
and other heat losses. 


Example 11.4: The turbine in a steam power plant takes 
steam from a boiler at 427°C and exhausts into a low 
temperature reservoir at 77°С. What is the maximum possible 
efficiency? 


Solution: 


Maximum efficiency for any engine operating between 
temperatures Т, and T; is 


= Ty -T. 

n X 
where Т, = 427 + 273 = TOO К 
and Ts= 77 + 273 = 350 К 
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Generally a temperature scale is established by two fixed 
points using certain physical properties of a material which 
varies linearly with temperature. The Carnot cycle provides 
us. the basis to define. a temperature scale (Па! (= 
independent of material properties, According to it, the ratio 
yO, depends only on the temperature of two heat 
reservoirs. The. ratio of the two temperatures T;/ T, can be 
found by operating a reversible Camol cycle between these 
two temperatures and carefully measuring the heat transfers 
Q. and Q, The thesnodynamic scale of temperature is 
defined by choosing 273.16 Қ as the absolute temperature 
of the tripla point of water as one fixed point and absolute 
zero, as the other The unit of thermodynamic scale [s 
kelvin. 1 K is defined as 1/273.16 of the thermodynamic 
temperature of the triple point of water. It is a state in which 
ice, water and vapour coexists in équillbrium and it occurs 
uniquely at one particular pressure and temperature. If heat 
© is absorbed or rejected by tha system at corresponding 
temperature T when the system is taken through a Carnot 
cycle and О, is the heat absorbed or rejected by the system 
when it is at the temperature of triple point of water, then 
unknown temperature T In kelvin is given by 


a! 


т= 27316 8 Оше бы) 


Since this scale is independent of the property of the 
working substance, hence, can be applied at very low 
temperature 


Although different engines may differ in their construction 
technology but they’ arê based on the principle of a Carnot 
eycle. A typica! four stroke petrol engine (Fig. 11,10 a) also 
undergoes four successive processes in each cycle. 
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1. The cycle starts on the intake stroke in which piston 
moves outward and petrol air mixture is drawn through 
an inlet valve into the cylinder from the carburetor at 
atmospheric pressure. 

2. On the compression stroke, the inlet valve is closed and 
the mixture is compressed adiabatically by inward 
movement of the piston, 

3. On the power stroke, a spark fires the mixture causing a 
rapid increase in pressure and temperature. The burning 
mixture éxpands adiabatically and forces the piston to 
move outward. TES SATE иа HUNGER DST SD 
crank shaft to drive the flywheels. 


4. On the exhaust stroke, thse: outlet Naive арене The 
residual gases are expelled and piston moves inward. 


The cycle then begins again. Most motorbikes have one. 
cylinder engine but cars usually have four cylinders on the 
same crankshaft (Fig 11.10 b). The cylinders are timed to fire 
turn by turn in succession for a smooth running of the car. The 
actual efficiency of properly tuned engine is usually not more 
than 25% to 30% because of friction and other heat losses. 


No spark plug is needed in the diesel engine (Fig. 11.11). 

Diesel is sprayed into the cylinder at maximum compression. 
Because air is at very high temperature immediately after 
compression, the fuel mixture ignites on contact with the air іп 
the cylinder and pushes the piston outward. The efficiency of 
diesel engine is about 35% to 40%. 


The concept of entropy was introduced into the study of 
thermodynamics by Rudolph Clausius in 1856 to give a 
quantitative basis for the second law. It provides another 
variable to describe the state of a system to go. along with 
pressure, volume, temperature and internal energy. If a 
system undergoes a reversible process during which it 
absorbs a quantity of heat AQ at absolute temperature Т, 
then the increase in the state variable called entropy S of 
ine аца is given by 


Like potential energy or internal energy, it is the change in 
entropy of the system which Is important. 


Change in entropy is positive when heat is added and 
negative when heat is removed from the system. Supposa, 
an amount of heat Q flows from a reservoir at temperature 
Т, through a conducting rod to a reservoir at temperature 
T; when T, > Ts. The change in entropy of the reservoir, at 

ature Ta which loses heal, decreases by Q/T, and 
ol the reservoir at temperature T; which gains heat, 
increases by OTa As T, > T; so Q/T; will be greater than 
O/T; le. QVT; > aTi. 


Hence, net change in entrapy = TT" positive, 
. T 


it follows that in all natural processes where heat flows 
from one system to another, there is always a net increase 
in entropy. This is another statement of 2" law of 
thermodynamics. According to this law 


It is observed that a natural process tends to proceed 
towards a state of greater disorder. Thus, there is a 
relation between entropy and molecular disorder. For 
example an irreversible heat flow from a hot to a cold 
substance of a system increases disorder because the 
molecules are initially sorted out in hotter and cooler 
regions. This order is lost when the system comes to 
thermal equilibrium, Addition of heat to a system increases 
its disorder because of increase in average molecular 
speeds and therefore, the randomness of molecular 
motion. Similarly, free expansion of gas increases its 
disorder because the molecules have greater randomness 
of position after expansion than before. Thus in both 
examples, entropy is said to be increased. 


We can conclude that only those processes are probable 
for which entropy of the system increases or remains 
constant. The process for which entropy remains constant 
is a reversible process; whereas for all irreversible 
processes, entropy of the system increases. 
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Every time entropy increases, the opportunity to convert 
some heat р werk ts ket Far КАТЫР hare астат 
in entropy when hot and cold waters are mixed. Then warm 
water which results cannot be separated into a hot layer and 
a cold layer, There has been no loss of energy but some of 
the energy is no longer available for conversion into work. 
Therefore, increase in entropy means degradation of energy 
from a higher level where more work can be extracted to a 
lower level at which less or no useful work can be done. The 
energy in a sense Is degraded, going from more orderly form 
to less orderly form, eventually ending up as thermal energy. | 


In all real processes where heat transfer occurs, the 
energy available for doing useful work decreases. In other 


words the entropy increases. Even if the temperature of ‘Device 
some system decreases, thereby decreasing the entropy, it Bee 


ls at the expense of net increase in entropy for some other 


system. When all the systems are taken together as the ! усе 


universe, the entropy of the universe always increases. 


11.5: Calculate the. entropy change when ü 


1.0kg ice at 0°С melts into water at 0°C, Latent heat Stam шығ 


овоон 3.36 x10 J kg. 
m*1kg 
T= PCa ATK 
Lı = 3.38 x 10" J kg! 


AS 1:00 kg x3.36 x10" Jkg' 
273K 


Thus entropy increas: конак Тип 
entropy in this case їв а measure of increase in the disorder of 
water molecules that change from solid to liquid state, 
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The second law of thermodynamics provides us the key for 
both understanding our environmental crisis, and for 
understanding how we must deal with this crisis. 


From a human standpoint the environmental crisis results 
from our attempts to order nature for our comforts 
and greed. From a physical standpoint, however, the 
environmental crisis is an entropy or disorder crisis 
resulting from our futile efforts to ignore the second law of 
thermodynamics. According to which, any increase in the 
order in a system will produce an even greater increase in 
entropy or disorder in the ‘environment. An individual 
impact may not have a major consequence but an impact 
of large number of all individuals disorder producing 
activities can affect the overall life support system. 


The energy processes we use are not very efficient. As a 
result most of the energy is lost as heat to the environment. 
Although we can improve the efficiency but 2™ law eventually 
imposes an upper limit on efficiency improvement. Thermal 
pollution is an inevitable consequence of 2" law of 
thermodynamics and the heat is the ultimate death of any 
form of energy. The increase in thermal pollution of the 
environment means increase in the entropy and that causes 
great concem. Even small temperature changes in the 
environment can have significant effects on metabolic rates in 
plants and animals. This can cause serious disruption of the 
overall ecological balance. 


In addition to thermal pollution, the most energy 
transformation processes such as heat engines used for 
transportation and for power generation cause air pollution. 
In effect, all forms of energy production have some 
undesirable effects and in some cases all problems can 
not be anticipated in advance. 


The imperative from thermodynamics is that whenever you 
do anything, be sure to take into account its present and 
possible future impact on your environment, This is an 
ecological imperative that we must consider now if we are 
to prevent a drastic degradation of life on our beautiful but 
fragile Earth. 
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Го ———n 
QUESTIONS] 


11.3 A system undergoes from state P, V. to state P;V; as shown in Fig 11.12. What 
will be the change in internal energy? 


11.4 Variation of volume by pressure is given in Fig 11.13. A gas is taken along the 
paths ABCDA, ABCA and A to A. What will be the change in internal energy? 


Fig. T1.13ia) Fig.11.13(5) Fig.11.13(c) 


11.5 Specific heat of a gas at constant pressure is greater than specific heat al constant 
volume. Why? 


11.8 Give an example of a process in which no heat is transferred to or from the system 
but the temperature of the system changes. 

11.7 Is it possible to convert intemal energy into mechanical energy? Explain with an 

11.8 Isit possible to construct a heat engine that will not expel heat into the atmosphere? 


11.9 A thermos flask containing milk as a system is shaken rapidly Does the 
temperature of milk nse? 


11.10What happens to the temperatureof the room, when an airconditioner is lêf runningon 
a table in the middle of the room? 
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11.11 Сап the mechanical energy be converted completely into heat energy? If so give 
an example. 


11.1200еѕ entropy of a system increase or decrease due to friction? 
11.13Give an example of a natural process that involves an increase in entropy. 
11.14 An adiabatic change is the one in which 
a. No heat is added to or taken out of a system 
b. No change of temperature takes place 
c. Boyle's law is applicable 
d. Pressure and volume remains constant 
11.15Which one of the following process is irreversible? 
a. Slow compressions of an elastic spring 
b. Slow evaporation of a substance in an isolated vessel 
c. Slow compression of a gas 
- d. :А chemical explosion 
11. 18An ideal reversible heat engine | has 
100% efficiency 
Highest efficiency 
An efficiency which depends on the nature of working substance 
None of these 


a9 5 » 


11.1 Estimate the average speed of nitrogen molecules in air under standard conditions 
of pressure and temperature. 
(Ans: 493 ms!) 
11.2 Show that ratio of the root mean square speeds of molecules of two different gases 
at a certain temperature is equal to the square root of the inverse ratio of their 
massas. 


11.3 A sample of gas is compressed to one half of its initial volume at constant pressure 
of 1.25 x 10° Nm? During the compression, 100 J of work is done on the gas. 
Determina the final volume of the gas. 


(Ans: 8 x 10* m) 
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11.4 А thermodynamic system undergoes a process in which its intemal energy 
decreases by 300 J. If at the same time 120 J of work is done on the system, find 
the heat lost by the system. 


(Ans: - 420 J) 


11.5 A сато! engine utilises an ideal gas. The source temperature is 227°C and the sink 
temperature is 127°C. Find the efficiency of the engine. Also find the heat input from 
the source and heat rejected to the sink when 10000 J of work is done. 


(Ans: 20%, 5.00 x 10°), 4.00 x 10) 


11.6 A reversible engine works between two temperatures whose difference is 100°C. If 
it absorbs 746 J of heat from the source and rejects 546 J to the sink, calculate the 
temperature of the source and the sink. 


(Ans: 100°C, 0°C) 


11.7 A machanical engineer develops an engine, working between 327°C and 27°C and 
claims to have an efficiency of 52%. Does he claim correctly? Explain. 


(Ans: No) 


11.8 A heat engine performs 100 J of work and at the same time rejects 400 J of heat 
energy to the cold reservoirs. What is the efficiency of the engine? 


(Ans: 20%) 


11.8 A Carnot engine whose low temperature reservoir is at 7°C has an efficiency of 
50%, It is desired to increase the efficiency to 70%. By how many degrees the 
temperature of the source be increased’? 


(Ans: 373°C) 


11.10 A steam engine has a boiler that operates at 450 K. The heat changes water to 
steam, which drives the piston. The exhaust temperature of the outside air is about 
300 K. What is maximum efficiency of this steam engine? 


(Ans: 33%) 


11.11 336 J of energy is required to melt 1 g of ice at OC. What is the change in 
entropy of 30 g of water at 0°C as it is changed-to ice at 0°С by a refrigerator? 


(Ans: -38.8 JK) 
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оррепот 


Metre: The unit of length is named as metre. Before 1960 it was defined as the distance 
between two lines marked on the bar of an айсу of platinum (90%) and indiumy (10%) kept under 
controlled conditions at the International Bureau of Weights and Measures in France. The 11^ 
General Conference on Weights and Measures (1960) redetined the standard metre as follows: 
One matre is a length equal to 1,650, 763.73 wave lengths in vacuum of the orange red radiation 
emitted by the Krypton 86-atom. However, іп 1983 the metre was redefined to be the distance 
traveled by light In vacuum during a time of 1/299,702 458 second, In effect, this latest definition 
establishes that the speed of light in vacuum is 299 792,458 ma. 


Kilogram: The unit af mass is known as kilogram; It is defined as the mass of a platinum (90%) 
and iridium (1095) alloy cylinder, 3.9 cm in diameter and 3.8 ст in height, kept at the International 
Bureau of Weights and Measures in France. This mass standard was establishedin 1901, 


Second: Theunit of tims is termed as second, Itis defined as 1/86400 part of an average day of the 
year 1900 A.D. The recent time standard is based on the spinning mation of electrons in atoms. This is 

since 1967 when the Intemational Cammittee on Weights and Measures adopted a new definition of 
ipd , making one second equal to the duration in which the outer most electron of the cesium-133 
atom makes 9.192, 831770 vibrations: 


Kelvin: Temperature is regarded as a thermodynamic quantity, because ils equality 
determines the thermal equilibrium between two systems. The unit of temperature is kelvin. It is 
the fraction 1/273.18 of the thermodynamic temperature of the tripla point of water. It should be 
noted that the triple point of a substance means the temperature at which solid, liquid and vapour 
phases are in equilibrium. The tripie point of water is taken as 27316 К. This standard was 
adopted in 1967. 


Ampere: The unit of electric current is ampere. It is that constant current which if maintained in 
two straight parallel conductors of infinite length, of negligible circular cross-section and placed a 
maire apart in vacuum, would produce between these conductors а force equal tn 2 x 10” newton per 
metre of length. This unit was establishedin 1971, 


Candela: The unit of luminous intensity is candela. It i$ defined as Ihe luminous intensity in the 
perpendicular direction of a surface of 1/600000 square metre of a black body radiator at the 
solidification temperature of platinum under standard atmospheric pressure, This definition was 
adopted by the 13" General Conference of Weights and measures in 1967. 


Mole: The moie is the amount of substance of a system which contains as many elementary 
entities as there are atoms in 0.012 kg of carbon 12 (adopted in 1871). When this unit ie. mole is 
used, the elementary entities must be specified; these may be atoms, molecules, ioris, electrons, 
other particles or specified groups ol such particles. One mole of any substance contains 
6.0225 x 10^ entities. 
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Аррепаіх 2 
Possible Error in A Compound Quantity - 


If the errors in the quantities x and y are Ax and Ay respectively, the possible sum is then; 


XtÁÀx*ytAy 
The maximum possible error is when we have 
xtAx+y+ Ay 
Or X-Ax*y- Ay 
Hence, the quantity can be expressed as — x*ytí(Ax + Ay) 
i.&., the errors are added. | 


nouns 


i27 érror in TUE СО 


Hence, Iss 


(i) ERROR IN THE COMPOUND QUANTITY z= xy 


If the errors in the quantities x and y are ^x and Ay respectively, the compound 
quantity could be as large as (x * Ax) (y * Ay) or as small as (x - Ax) (y - Ay). The product is 
thus between about xy + x Ay + y Ax tAx Ay and xy - x Ay - y Ax *Ax Ay If we neglect Ax Ay, 
as being small, then the error is between 


xAy*tyAx and  -(x Ay+ yAx) 
ar £(xAy*yAx) 
The passible fractional error is thus ; 
= ®(х\у+ул) _ fay АХ 
xy F X 
which is the sum of possible fractional errors. Since the fractional error is generally 


written as percentage error, hence the possible percentage error is the sum of the 
pero errors for the product of the two ener m 


ie, ^ % errorin z=% error in x + % Cows | (422) 


Az. xand y be the numerical. values of me : пене: апа К be a constant. 


Taking log of both sides; 
i ت‎ ONUS SEDE 


S ога p 
z х y 


Multiply by 100 


9-88 


To (шкем In en average va loe otieiped by pling. anas, the Wet step t to 
draw best straight line through th CONS ROOM O к татр ar The best 
straight line passes through as m i lotted points as possible or which leaves 
almost an equal distribution of points on е side of the line. The second step is to 
pivot a transparent ruler about the centre of best straight line to draw greatest and least 
possible slopes, If slope of best straight line is m and greatest and least slopes are m; 
SYS (Ege МЕн MEEA LT Баш بوچ‎ елка m which ever of these is 


Fig. A21 


greater is the maximum possible uncertainty in the slope, If the intercept on a particular 
axis is requited, the similar procedure can be followed. 
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Appendix) 


Fig. A 11 


Mathematical Review * 


A. LINEAR EQUATION 
А linear equation has the general form 
y-ax*b (А 3.1) 
Where a and b are constants. This equation is referred to 
as being linear because the graph of y versus x is a 
straight line, as shown in Fig. A3.1. The constant b, called 
the intercept, represents the value of y at which the straight 
line intersects the Y-axis. The constant a is equal to the 
slope of the straight line and is also equal to the tangent of 
the angle that the line makes with the X-axis. If any two 
points on the straight line are specified by the coordinates 
(xi, у) and (х, у), as in Fig. А 3.1, then the slope of the 
straight line can be expressed 
ay TAX 
Slope acus "iab: ` (A323) 
ors cad \ 
Note that а and b can be either positive or negative. 
B. QUADRATIC EQUATION 
The general farm of à quadratic equation is 
ac *bx*csQ0 - А 3.3) 

where x is unknown quantity and a, b and c are numerical 


factors referred to as coefficients of the equation. This 
equation has two roots, given by 


2a 


If b^ > 4ac, the roots will be real. 


(^34) 


С. THE BINOMIAL THEOREM 
Шш “Луп. 


@ (erop sarena ber Dri + y ا ا‎ onis (25) 


3x2x1 - 
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forcing О аео ито amas divas ae 
limited to angles in the range (0, 90°]. We extend the 
meaning of these functions to negative or larger angles by 
a circle of unit radius, the unit circle (Fig.A 3.2). The angle is 
always measured with respect to the positive x axis 
counter clockwise positive and clockwise negative. The 

ipatenuse of the right angled triangle OAB is the radius 
of the unit circle. Its length is equal to 1, сиве ا‎ 
positive. The other two sides are a sign 
according to the usual conventions i.e. positive to the right 


of the x-axis, and so on. With these conventions the 
trigonometric functions in each of the four quadrants have 


the signs listed in Table A 3.3. 


If exceeds 360°, the whole pattern of signs and values 
repeats itself on the next pass around the circle. Thus, 
sine, cosine, and tangent are periodic functions of an 
angle with period 360°. 


түт у Т 


Adiabatic process 


Angular acceleration 
Angular displacement 


Angular momentum 


Angular velocity 
Antinode 
Artificial gravity 


Average acceleration 


Average velocity 


Base quantities 
Blue shift 


Bulk modulus 
Centre of mass 


Centripetal force 
Cladding 


Compression 
Conservative field 


Constructive 


GLOSSARY 


A completely isolated process in which no heat transfer 
can take place. 


The rate of change of angular velocity with time. 


Angle subtended at the centre of a circle by a particle 
moving along the circumference in a given time. 


The cross product of position vector and linear momentum. 
Angular displacement per second. 
The point of maximum displacement on а stationary wave. 


The gravity like effect produced in orbiting space ship to 
overcome weightlessness. 


Ratio of the change in velocity, that occurs within a time 
interval, to that time interval. 


Average rate at which displacement vector changes with 
tima. " 


Certain physical quantities such as length, mass and time, 


The shift of received wavelength from a star into the 
shorter region. 


Ratio of volumetric stress to volumetric strain. 


The point at which all the mass of the body is 
assumed to be concentrated. 


The force needed to move a body around a circular path. 


A layer of lower refractive index (less density) over the 
central core of high refractive index (high density). 


The region of maximum density of a wave, 
The field in which work done along a closed path is zero. 
When two waves meet each other in the same phase. 


` The central part of optical fibre which has rélatively high 


refractive index (high density). 

The portion of a wave above the mean level. 

The angle of incidence for which the angle of refraction is 90°. 
A device used to display input signal into waveform. 


211 


= 
F 


Damping 


Denser medium 
Derived quantities 


Destructive 
interference 


Diffraction 
Dimension 


Displacement 
Doppler shift 
Drag force 
Elastic collision 


Energy 
Entropy 


Escape velocity 


Forced oscillations 
Free oscillations 


Freely falling body 
Fundamental mode 


Geo-stationary 
satellite 


Harmonics 
Heat engine 


ideal fluid 
Impulse 
Inelastic collision 


A process whereby energy is dissipated from the | 
oscillatory system. 

The medium which has greater density. 

The physical quantities defined in terms of base quantities. 
When two waves overlap each other in opposite phases. 


Bending of light around obstacles. 


One of the basic measurable physical property such as 
length, mass and time. 


The change in the position of a body from its initial position 
to its final position. 


The apparent change in the frequency due to relative 
motion of source and observer. 


A retarding force experienced by an object moving 
through a fluid. | 


тһе. interaction in which both momentum and kinetic 
energy conserve. 


Capacity to do work. 


Measure of increase in disorder of a thermodynamic 
system or degradation of energy. 


The initial velocity of a body to escape from Earth's 
gravitational field. 


The oscillations of a body subjected to an external force. 


Oscillations of a body at its own frequency without the 
interference of an external force. 


A body moving under the action of gravity only. 
Stationary wave setup with minimum frequency, 


The satellite whose orbital motion is synchronized with the 
rotation of the Earth. 


Stationary waves setup with Integral multiples of the 
fundamental frequency. 


A device that converts a part of input heat energy into 
mechanical work. 


An incompressible fluid having no viscosity. 
The product of force and tima for which it acts on a body. 
The interaction in which kinetic energy does not conserve. 
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Instantaneous 


‘acceleration 
Instantaneous velocity 


Internal energy 


Isothermal process 
Kinetic energy 
Laminar flow 


Least distance of 
distinct vision 


Line spectrum 
Longitudinal wave 


Magnification 


Modulus of elasticity 
Molar specific heat at 


constant pressure 


Molar specific heat at 


constant volume 
Moment Arm 


Moment of inertia 
Momentum 
Multi-mode graded 
index fibre 

Node 

Null vector 

Orbital velocity 


Oscillatory motion 
Periodic motion 
Phase 


Acceleration at a particular Instant of time. 


Velocity at a particular instant of time, 

The sum of all forms of molecular energies in a 
thermodynamic system. 

A process in which Boyle's law is applicable. 

Energy possessed by a body due to its motion. 

Smooth sliding of layers of fluid past each other. 

The minimum distance from the eye at which an object can. 


Бе seen distinctly. 


Set of discrete wavelengths. 
The wave in which the particles of the medium vibrate 
parallel ta the propagation of the wave. 


The ratio of the angle subtended by the image as seen 
through the optical device to that subtended by the object at 
the unaided eye. 

Ratio of stress and the strain. 


Amount of heat needed to change the temperature of one 
mole of a gas through 1K keeping pressure constant. 


Amount of heat needed to change the temperature of one 
mole of a gas through 1K keeping volume constant. 


Perpendicular distance between the axis of rotation and 
lina of action of the forca. 


The rotational analogue of mass in linear motion. 
The product of mass and velocity of an object. 


An optical fibre in which the central core has high refractive 
index which gradually decreases towards Its periphery. 


The point of zero displacement, 

A vector of magnitude zero without any specific direction. 
The tangential velocity to put a satellite in orbit around the 
Earth. 

To and fro motion of a body about its mean position. 

The mation which repeats itself after equal intervals of time. 


A quantity which indicates the state and direction of motion 
of a vibrating particle, 
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Pitch 


Plane wavefront 
Polarization 
Position vector 
Potential energy 
Power 
Progressive wave 
Projectile 


Radar speed trap 


Random error 
Range of a projectile 


Rarefaction 
Rarer medium 
Rays 

Red shift 


Resolving power 
Resonance 
Restoring force 


Resultant vector 

Root mean square 
velocity 

Rotational equilibrium 
Scalar quantity 

Scalar product 
Significant figures 


The characteristics of sound by which a shrill sound can be 
distinguished from the grave sound. 


A disturbance lying in a plane surface. 

The orientation of vibration along a particular direction. 

A vector that describes the location of a point. 

Energy possessed by a body due to its position. 

The rate of doing work. 

The wave which transfers energy away from the source. 

An object moving under the action of graviy and moving 
horizontally at the same time. 

An instrument used to detect the speed of moving object 
on the basis of Doppler shift. 

Error due to fluctuations in the measured quantity. 


The horizontal distance from the point where the projectile 
is launched to the point it returns to its launching height. 


The region of minimum density. 
The medium which has relatively less density. 
Radial lines leaving the point source in all directions. 


The shift in the wavelength of light from a star towards 
longer wavelength region. 


The ability of an instrument to reveal the minor details of 
the object under examination. 


A specific response of vibrating system to a periodic force 
acting with the natural period of the system. 


The force that brings the body back to its equilibrium 
position, 
The sum vector of two or more vectors. 


Square root of the average of the square of | 
molecular velocities. 


A body having zero angular acceleration. 
A physical quantity that has magnitude only. 
The product of two vectors that results into a scalar quantity, 


The measured or calculated digits for a quantity which are 
reasonably reliable, 
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Simple harmonic 
motion 


Slinky spring - 


Space time curvature 
Spherical wavefront 


Stationary wave 


System international 


(SI) 
SUE error 


Terminal velocity 


Torque 
Total internal 
reflection 


equilibrium 


Transverse wave 
Trough 
Turbulent flow 
Unit vector 
Vector quantity 
Vector product 
Wavefront 


Wavelength 
Work 


A motion if which acceleration is — directly 
proportional to: displacement from mean position 
and is always directed towards the mean position. 


A loose spring which has small initial length but a relatively 
large extended length. 


Einstein's view of gravitation. 


When the disturbance is propagated in all directions from a 
point source. 


The resultani wave arising due to the interference of two 


-identical but. oppositely directed waves. 


The intemalionally agreed system of units used 


almost world over. 
Error due to incorrect -design 96 calibration of the 
measuring device. 


Maximum constant velocity of an object falling vertically 
downward. 


The turning effect of a force. 
When the angle of incidence increases by the critical 


angle, then the incident light is reflected back in the same 
material. 


The path through space followed by a projectile. 
A body having zero linear acceleration. 


The wave in which the particles of the medium vibrate 
perpendicular to the propagation of wave. 

The lower portion of a wave below the mean level. 
Disorderly and changing flow pattern of fluids. 

A vector of magnitude one used to denote direction. 

A physical quantity that has both magnitude and direction, 
The product of two vectors that results into another vector. | 
A surface passing through all the points undergoing a 
similar disturbance (i.e. having the same. phase) at-a 
given instant. 

The distance between two consecutive wavefronts, 

The product of magnitude of force and that of 
displacement in the direction of force. 
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